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Preface Statement: Positioning of the Researcher 
I am a non-Indigenous Australian woman who was born and raised in Darwin, 
Northern Territory. I spent my adolescent years living on the remote island of Groote 
Eylandt, which is the homeland of, and is owned by, the Warnindhilyagwa people. I left 
Groote Eylandt and moved to Cairns (Far North Queensland) for my high school education, 
as there were no high schools on the island. After high school, I went straight to university to 
study Sport and Exercise Science as I had a passion for sport and health. I have played 
representative rugby union and soccer for many years and it was through my sporting 
commitments that I made the connections with some of my Indigenous mentors. During my 
undergraduate degree, I realised that my true passion was to improve the quality of life of 
Indigenous people and I was lucky enough to have a well-respected honours supervisor who 
worked in Indigenous communities and helped me to expand my network by introducing me 
to her collaborating partners.  
 
While living on Groote Eylandt, I witnessed the health inequalities between 
Indigenous and non-Indigenous people, and had a firsthand experience of how living 
remotely can affect a person’s ability to access resources and can limit educational 
opportunities. I learnt about the inter-generational trauma that still exists in Indigenous 
societies and feel strongly that more work needs to be done to close the life expectancy gap 
between Indigenous and non-Indigenous Australians. 
 
Prior to conducting my studies, it was important to me to understand my positional 
standpoint in relation to my research process. As a researcher, I believe in pragmatist 
epistemology as I see the importance of practical consequences.1 I also recognise and respect 
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the ontological relationship that Aboriginal and Torres Strait Islander people have with the 
land and the sea, and I acknowledge that the social position that an Indigenous Australian 
may have politically and culturally will be different from my own.  
1. Morgan DL. Pragmatism as a paradigm for social research. Qualitative Inquiry. 
2014;20(80):1045–53. doi: 10.1177/1077800413513733 
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Abstract 
  The health inequalities between Indigenous and non-Indigenous Australians, and the 
benefits of physical activity in the prevention and treatment of chronic diseases are well 
known. Yet, little research has been conducted on physical activity and health outcomes for 
Aboriginal and Torres Strait Islander people. The Australian physical activity guidelines, 
recommend that adults should accumulate 150-300 minutes per week of moderate activity or 
75-150 minutes of vigorous activity or equivalent combinations of both. Currently, 47% of 
Aboriginal and Torres Strait Islanders in non-remote locations are sufficiently physically 
active, 0.9 times that of non-Indigenous Australians.  
 
  The purpose of this thesis was to investigate ways to improve the health of Indigenous 
Australians through a physical activity program. The first major aim (Study 1) was to 
synthesise previous evaluations of physical activity interventions implemented with 
Indigenous people in Australia and New Zealand and, based on this, to identify gaps in the 
literature and to recommend an agenda for future research in this field. The second aim 
(Study 2) was to assess the reliability and validity of the Fitbit Flex for measuring physical 
activity levels, as this device would be used in the succeeding study. The Fitbit Flex was 
selected as the comparative device as it is a waterproof accelerometer that can be worn 24 
hours a day as a wristband, which may be more convenient for users and was hypothesised to 
lead to higher compliance in wearing time than the waist worn Actigraph GTX3+. The third 
aim was to implement and evaluate an 8-week community-tailored physical activity program 
in a rural and regional setting. The quantitative part of the evaluation of the program (Study 
3) involved assessing changes in functional capacity for exercise, physical activity and 
various health outcomes. In a qualitative study (Study 4) barriers and enablers to participating 
in the program were examined. 
  Abstract 
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Study 1: 
  The systematic review was registered with the PROSPERO network and followed the 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. 
A comprehensive search of the literature identified 13 studies which met the inclusion 
criteria. Due to the heterogeneity of the data and the contexts in which they were collected a 
meta-analysis was not feasible, so a narrative synthesis of the results was conducted. Only six 
studies measured physical activity objectively (n=2) or via self-report (n=4) and only five 
studies measured a component of fitness such as strength or sub-maximal aerobic capacity. 
There was no clear evidence that the interventions had increased activity levels in the short-
term. However, 11 out of 13 studies reported improvements in fitness and other physical 
activity-related health outcomes such as reductions in weight and blood pressure. 
 
Study 2: 
  A gap identified in the systematic review (Study 1) was the lack of objective 
measurements of physical activity, where only two out of the 13 studies had used pedometers. 
Therefore, in Study 2 the Fitbit Flex, a novel accelerometer, was validated against direct 
observation and a research-grade accelerometer (Actigraph GTX3+) under laboratory and 
free-living conditions. The validity of the Fitbit Flex was found to be dependent on the type 
of activity, where the number of steps taken during jogging and stair stepping were more 
accurate, compared to slow walking activities which were undercounted. The Fitbit Flex had 
overall moderate validity, was deemed more cost-effective and, due to the lower participant 
burden was expected to lead to higher compliance in wearing time. Consequently, the Fitbit 
Flex was selected as the method for objectively measuring activity levels of the participants 
in the planned physical activity program (Study 3).  
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Study 3: 
  In line with the recommendations from the systematic review, objective measures of 
activity with the Fitbit Flex were attempted in the evaluation of the physical activity 
intervention (Study 3). The primary outcome measure for the community-tailored 8-week 
physical activity program was the change in functional capacity, which was assessed by the 
six-minute walk test (6MWT). 
 
The physical activity program was implemented in both a rural (n=12) and regional 
community (n=22) in Far North Queensland. An attempt was made to use a wait-listed 
control group, however, the intended site withdrew shortly before the intervention was to 
begin due to a lack of staff availability. Due to an insufficient number of participants and 
therefore lack of statistical power, the original plan to run the evaluation with a waitlisted 
control group had to be replaced with a pre-post study design. An intention to treat analysis 
was undertaken due to low program attendance. In the rural community, there was a 50% 
attrition rate, where six of the 12 participants completed follow-up assessment. There was a 
significant improvement in the 6MWT distance from 467.3 metres±56 to 557.8 metres±108 
(p=0.01) and significant decreases in body fat (34.98±6.6% to 30.61%±6.92, p=0.009) and 
hip circumference (106.6cm±4.0 to 104cm±5.3, p=0.005). Attendance to the program was 
low. Eight participants did not attend a single training session, and four attended an average 
of seven out of 26 sessions. Six sessions were cancelled due to rain which affected the 
implementation of the program. 
 
In the regional city, 18 of the 22 participants attended post-program assessments. 
There was an increase in the 6MWT distance, but this was not clinically significant 
(p=0.287). There were no significant reductions in weight (p=0.25), BMI (p=0.19) or body 
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fat percentage (p=0.85). Significant reductions were measured in waist circumference (from 
99.11cm±11.95 to 96.07cm±11.46 (p=0.006) and hip circumference (from 105.41cm±11.32 
to 101.97cm±8.83 (p=0.019)). Reductions in both systolic (p=0.0002) and diastolic blood 
pressure (p=0.0002) were also evident. No significant improvements in pathology markers, 
such as HbA1c or cholesterol, were evident. Unfortunately, the objectively measured physical 
activity data could not be used for the evaluation of the intervention due to poor compliance 
in wearing the Fitbit Flex accelerometres. Self-reported daily minutes of moderate to 
vigorous physical activity increased from 28.2 minutes ± 13.3 to 40 minutes ± 20.2 (p=0.09), 
but this was not significant. 
 
Study 4: 
After observing low attendance to the physical activity program, a qualitative 
evaluation was undertaken to better understand the factors that were influencing the 
attendance rate. Semi-structured interviews were conducted with twelve participants at the 
follow-up health assessments for Study 3. The interview guide was loosely based on the 
Health Belief Model. It was theorised that individuals would be more likely to voluntarily 
engage in the physical activity program if their current behaviour is perceived as a threat to 
their health. The findings from the interviews confirmed that despite low program attendance, 
there were positive attitudes and high levels of motivation towards the physical activity 
program. The enablers to participation were the inclusion of family members, no financial 
cost and a good relationship with the principal investigator, which was strengthened by the 
community-based participatory approach to the program design. Barriers to program 
attendance were mostly beyond the control of the individuals, such as sorry business, needing 
to travel away from the community and lack of community infrastructure. 
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Conclusion: 
  The purpose of this thesis was to investigate ways to improve the health of Indigenous 
Australians through a physical activity program. Based on the findings from the systematic 
review of the literature and the validation study, an 8-week physical activity program was 
implemented. The results of the program suggest that those who participated in physical 
activity during the study period had improvements in clinical health outcomes. However, 
more consideration of community-specific barriers and enablers is needed prior to 
implementation of programs to understand how they will affect attendance to the program. 
More work is needed to better understand how to improve participation rates in physical 
activity programs for Aboriginal and Torres Strait Islander people in rural and regional 
settings. 
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Thesis overview 
  This thesis includes a combination of peer-reviewed publications and 
traditional thesis chapters, some of which are intended for publication at a later 
date. The figure below will be inserted at the beginning of each chapter to help 
guide the reader, and a reference list is provided at the end of each chapter.  
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  This introduction provides the context and background for the chapters in this thesis. 
Firstly, a brief description of the history of Aboriginal and Torres Strait Islander people will 
be given to understand how history and culture impact the ability to undertake research with 
Indigenous Australians. This chapter will also describe the health benefits and the importance 
of physical activity and how a lack of physical activity can contribute to poor health and a 
reduced life expectancy in Indigenous Australians. Secondly, the introduction will illustrate 
the link between Indigenous chronic disease prevalence and life expectancy and how these 
outcomes are interrelated with physical inactivity. An additional section will describe the 
context of working with Indigenous Australians and includes considerations and barriers to 
undertaking research with this minority group. The final chapter of this thesis discusses 
recommendations for future studies, based on learnings from the four research studies. 
 
The health of Indigenous people 
The Aboriginal and Torres Strait Islander people are the Indigenous people of 
Australia and one of the oldest known living cultures in the world. For thousands of years 
prior to the arrival of the Europeans, Indigenous Australians lived with a high dependence on 
the land and survived through the development of hunter and gatherer skills. The arrival of 
the British settlers in 1788 resulted in the forceful dispossession of land and a loss of a deep 
rooted spiritual connection for the people.1 The attempts to “breed out” Indigeneity by 
forcefully assimilating Indigenous children into Westernised societies resulted in children 
being systematically removed from communities to be raised in white Missions.2 The legal 
and illegal trials and tribulations as a consequence of the ‘discovery’ of Australia by 
Europeans and British have emphasised the resilience of the Aboriginal and Torres Strait 
Islander people, but created many inequalities which persist today. Factors contributing to the 
Chapter 1: Introduction 
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disparities include the systematic loss of language and culture, dispossession of traditional 
lands, and marginalisation both socially and economically.3-5 There is an indisputable 
relationship between the enduring impact of colonisation and the current health status of 
Aboriginal and Torres Strait Islander people.6-10 Trends in premature mortality and high rates 
of chronic disease are not exclusive to the Indigenous people of Australia. High-profile 
documents published by The Lancet and the United Nations demonstrate that there are shared 
experiences of forceful colonisation, underpinning the continued social and health 
inequalities experienced by Indigenous groups across the world, including Native Americans, 
Pima Indians and the Maori people of New Zealand.3-5  
 
Internationally, Indigenous people have disproportionately higher rates of preventable 
chronic disease which contribute to a lower life expectancy when compared with non-
Indigenous people.11-13 Australia, Canada and New Zealand are developed and wealthy 
nations. However, Indigenous people were almost as disadvantaged in 2006 as they were in 
1981 relative to the non-Indigenous populations in employment, income and education.14 The 
disadvantage is also translated to a life expectancy gap of more than five years between 
Indigenous and non-Indigenous populations in Australia, Canada and New Zealand.14  
 
In Australia, the life expectancy for Aboriginal and Torres Strait Islanders is ten years 
lower than that of non-Indigenous Australians.15 More specifically, in 2016 half of all deaths 
of Indigenous people in Queensland were at a median age of 58 years and 81 years for non-
Indigenous.16 It is estimated that 70% of the inequalities in health for Indigenous Australians 
are caused by chronic disease.17 Obesity-related lifestyle diseases, such as type 2 diabetes and 
cardiovascular disease, are some of the leading causes of morbidity and mortality in 
Indigenous Australians.15, 18 The age-standardised mortality rate for type 2 diabetes in 
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Indigenous Australians is four times higher than in other Australians,19 and the age-adjusted 
death rate for Indigenous adults from cardiovascular disease is almost twice that of other 
people in Australia.20 
  
Physical activity and health 
Most risk factors for chronic disease are modifiable through a healthy lifestyle, which 
includes undertaking regular physical activity. Physical activity is described by the World 
Health Organization as any bodily movement produced by skeletal muscles that requires 
energy expenditure.21 It is important to note that physical activity encompasses a broad range 
of elements and can be defined in several ways. Physical activity can be described according 
to intensity, duration and frequency and its domains such as active transportation, at work, 
domestic household chores and leisure time.22, 23 Exercise is a subset of physical activity and 
described as planned, structured and repetitive bodily movement done to improve or maintain 
one or more components of fitness.24 
 
  Regular engagement in physical activity has a variety of physical and mental health 
benefits. Undertaking the recommended amount of moderate or vigorous physical activity 
can reduce the risk of all-cause mortality25-28 and the greatest benefits in all-cause mortality 
are gained by those who move from being inactive to becoming moderately active.29, 30 There 
is substantial evidence for the benefits of physical activity in preventing, managing and 
improving conditions such as obesity, type 2 diabetes and cardiovascular disease.22, 31 
Physical activity can increase insulin sensitivity both acutely and long-term, lower blood 
glucose levels, reduce body fat and improve cardiovascular function.32 
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Insulin sensitivity, blood glucose and weight management are essential to the 
prevention of type 2 diabetes and cardiovascular disease. Complications from unmanaged 
diabetes can be severe and life threatening. Type 2 diabetes can cause kidney disease, 
blindness and also lead to the amputations of limbs.33, 34 One report estimates that in 
Australian adults there is one limb amputation every two hours, or approximately 84 limb 
amputations per week (12 per day), due to diabetes complications.35 More alarmingly, 
Aboriginal and Torres Strait Islanders in Western Australia have diabetic amputation rates 38 
times higher compared to non-Indigenous Australians with diabetes.36 Another leading cause 
of death in Australia is cardiovascular disease, with one death every 12 minutes attributed to 
the illness.37 Cardiovascular disease is one of the biggest burdens on the economy, with lower 
socioeconomic groups, Aboriginal and Torres Strait Islanders and people residing in remote 
areas having the highest rates of deaths and hospitalisations resulting from cardiovascular 
disease.19 
 
Current Australian guidelines recommend that adults aged 18 to 64 should accumulate 
150-300 minutes per week of moderate physical activity or 75-150 minutes of vigorous 
activity.38 Based on self-reported data, more than half of Australian adults (56%) are not 
meeting the physical activity guidelines, while adults living in regional and remote areas are 
even less active (62% and 61% respectively).39 Indigenous Australians have slightly lower 
rates of physical activity compared to the general population, with 38% of Indigenous people 
in non-remote locations meeting the physical activity recommendations. They are less likely 
to be sufficiently active for health (rate ratio 0.8) and to participate in any physical activity 
(rate ratio 0.9) compared to non-Indigenous Australians.40 Moreover, 66% of Aboriginal and 
Torres Strait Islander people over 15 years of age are overweight or obese, more than among 
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non-Indigenous Australians (rate ratio of 1.1).41 
 
It is estimated that physical inactivity causes over 5.3 million deaths globally per 
year.42 Low levels of physical activity, poor diet and social determinants of health are thought 
to contribute to the high prevalence of chronic disease and poor health outcomes in 
Indigenous Australians.15 The consequences of physical inactivity and poor health can lead to 
irreversible damage and unnecessary premature mortality. 
  
Burden of disease/cost/preventable hospitalisations 
Physical inactivity is placing a substantial economic burden on global health care 
systems. For 2013, it was estimated that the global cost of physical inactivity was $53.8 
billion INT$.43 The health care system of Australia is facing a number of challenges, 
including a growing burden of chronic conditions which are driving an increase in health 
service utilisation and rising health care expenditure. A recent study published in The Lancet 
estimates the financial burden of physical inactivity per year (INT$) in Australia to be $805 
million, which includes $640 million in direct costs and $165 million in productivity losses.43 
The further economic burden to the healthcare system is through hospitalisation rates. 
Indigenous Australians are relatively high users of the public hospital system. Although 
Indigenous Australians represent only 3% of the total Australian population, they account for 
4.2% of all hospital admissions.44 With age-adjusted rates, Indigenous Australians are 2.3 
times more likely to be hospitalised compared to non-Indigenous Australians in 2013-2014, 
with the rates being 896 and 384 per 1000 respectively. However, 86% of this difference is 
due to higher rates of hospitalisation for end-stage renal disease related dialysis.44 End-stage 
renal disease is often a result of diabetes related complications.45 Aside from the economic 
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burden of chronic diseases and physical inactivity, there are enduring impacts on the 
population through reduced quality of life and physical function and functional capacity for 
exercise.46, 47A decreased quality of life has also been reported in family members who care 
for individuals with chronic disease, as there is a profound emotional impact and increased 
financial burden.48 
 
Limiting the incidence of preventable illness and disability can increase the quality of 
life for both individuals and society.49 Self-assessed health status is commonly used to 
measure overall health as a reflection of a person’s perception of their health at a given point 
in time.50 Indigenous Australians are twice as likely to rate their health as fair or poor and 
almost half as likely to rate their health as excellent or very good, compared to non-
Indigenous Australians.19 Overall, 39% of Indigenous Australians rate their health as 
excellent or very good, while 36% rated their health as good and 25% gave ratings of fair or 
poor.19 The self-rated health of Indigenous Australians may be misrepresented as high, due to 
the assumption of common experiences of health and illness between Indigenous and non-
Indigenous people. English as a second language and socio-economic factors including 
income and education are known to create a scale perception bias, as a poorer health status 
can create a lower standard of the definition of good health.51, 52 The Australian Youth 
Development Index (YDI) found that health and wellbeing of Indigenous Australians has 
deteriorated significantly over the last 10 years due to mental health issues and increased 
substance abuse.53 Indigenous people are also twice as likely to be hospitalised due to mental 
and behavioural issues19 and are three times more likely to experience high or very high 
levels of distress.41 Reported stressors for Indigenous people included the death of a family 
member or friend, serious illness, unemployment, alcohol or drug related problems and 
mental illness. High levels of distress are also evident in those who did not complete year 12 
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and to people who are unemployed.54 Aboriginal and Torres Strait Islander people are less 
likely than non-Indigenous people to complete Year 12 or higher qualifications (35.9% vs 
67.3%).55 The national unemployment rate for Indigenous Australians aged 15 years and over 
is estimated to be 20.6%, however, these rates are not directly comparable with non-
Indigenous Australians due to differences in the age structures of the populations.56 This 
cycle of disadvantage is often linked back to the concept of inter-generational trauma and the 
social determinants of health.57 Inter-generational trauma refers to Indigenous people’s 
experiences of traumatic events, such as colonisation and the forceful removal of children, 
which have lasting negative effects that are passed on from generation to generation.58 The 
cumulative effects of this trauma can cause widespread social disadvantage and reduce the 
capacity of Aboriginal and Torres Strait Islander people to fully and positively participate in 
their lives and communities.58 
 
The social determinants of health 
It is critical to understand potential factors, besides physical inactivity, that may be 
contributing to the health disparities between Indigenous and non-Indigenous Australians. 
The World Health Organization describes the social determinants of health as “the conditions 
in which people are born, grow, work, live and age, and the wider set of forces and systems 
shaping the conditions of daily life”.59 Social, economic and education outcomes are 
contributing factors to the health inequalities of Indigenous Australians. Social and economic 
factors are classified as social determinants of health due to the impact on both the 
environment and conditions people live in.19 Socioeconomic factors attribute to around one 
third of the life expectancy gap between Indigenous and non-Indigenous Australians.19 In 
2016, Indigenous Australians were half as likely as non-Indigenous Australians to report an 
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equivalised weekly household income of $1000 or more, (20% compared to 41%). 
Employment rates were lower for Indigenous (47%) versus non-Indigenous Australians 
(72%).60  
 
  Another important social determinant of health is education and health literacy. Lower 
levels of general literacy are more common among socially and educationally disadvantaged 
groups and those whose first language is not English such as refugees, migrants and 
Indigenous people.61 In Australia, Indigenous students are estimated to be behind non-
Indigenous students by the equivalent of two-and-half-years of schooling.62 Without adequate 
literacy and numeracy skills at a young age it is harder to take advantage of opportunities 
later in life as the barriers may restrict many aspects of a person’s life, including work, 
education and health. Health literacy is the degree to which individuals have the capacity to 
obtain, process and understand basic health information and services needed to make 
appropriate health decisions.63 Health literacy plays a significant role in the maintenance of a 
healthy lifestyle over the lifespan. Poor health literacy is linked back to lower levels of 
general literacy/numeracy in the adult population,61 as it places a significant constraint on a 
person’s ability to access, read, comprehend and apply information, to make informed 
decisions and achieve self-efficacy.64  
 
Social determinants and risk factors 
The social determinants of health can influence health behaviours.65 Factors that 
affect health in a negative manner are referred to as risk factors, as they increase the 
likelihood of chronic disease development.66 Commonly identified risk factors for chronic 
disease are smoking, nutrition, alcohol and physical inactivity,67 often referred to as SNAP 
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risk factors, which are largely preventable and modifiable through behaviour change.66 
Smoking is a major risk factor for health as it can cause heart disease, stroke and cancer.68 
Indigenous people are twice as likely to smoke compared with non-Indigenous Australians, 
with a smoking prevalence of 45% versus 16%.69 In regards to nutrition, the Australian 
dietary recommendations are that adults should consume two serves of fruit (small fruit such 
as apricots require two pieces to be considered as a serve) and five serves of vegetables per 
day. Poor nutrition influences overweight and obesity, cardiovascular disease and type 2 
diabetes.66, 70 According to the most recent National Aboriginal and Torres Strait Islander 
nutrition survey,71 54% of Aboriginal and Torres Strait Islanders consumed the recommended 
amount of fruit per day, while only 8% had an adequate vegetable intake. Rates of fruit and 
vegetable consumption are lower compared to non-Indigenous Australians, with the rate 
ratios being 0.9 and 0.8 respectively.72 Alcohol use is another important risk factor that 
contributes to poor health. Excessive drinking is not only a health issue, but also socially 
detrimental to the community. Although Indigenous Australians are less likely to drink 
compared to non-Indigenous Australians, those who drink are likely to do so at harmful 
levels.73 The final risk factor in the SNAP model is physical activity which will be discussed 
in detail below. 
 
Physical activity programs for Indigenous Australians 
Physical inactivity is one of the identified SNAP risk factors to health. There is well-
established evidence on the effectiveness of physical activity in the prevention and 
management of chronic disease.74, 75 However, little research has been undertaken to assess or 
evaluate interventions to encourage physical activity with Indigenous Australians. A 
systematic review of physical activity interventions for Indigenous people in Australia and 
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New Zealand was undertaken by the author of this thesis. The systematic review focuses on 
Australian and New Zealand Indigenous populations due to geographical proximity, and 
similarities in life expectancy gaps. The decision not to include other Indigenous population 
groups residing in Canada and the United States was to avoid repetition of an existing 
systematic review on physical activity interventions.76 
 
Despite the acknowledgement of the need for more physical activity research, only 13 
evaluations of physical activity interventions were identified that met the inclusion criteria.77 
It was noted in the review that a statistical synthesis of the results was not possible and that 
comparisons between the interventions were limited due to the lack of homogeneity in study 
design and measurement of activity and health outcomes. Furthermore, information on best 
practice in implementing and identifying barriers to physical activity interventions was 
difficult to assess. Methodological details, such as procedural implementation fidelity, end of 
project feedback, participants’ experiences and evaluations, were rarely included. 
 
 The literature on physical activity interventions involving Indigenous Australians is 
limited, and there are few studies which have specifically implemented physical activity 
programs. There have only been two randomised controlled trials (RCTs). One study was a 
12-week program designed for Indigenous females in Adelaide.78 The study found significant 
reductions in weight and BMI at the follow-up assessment. The second RCT was also 12 
weeks in duration and designed for inactive Indigenous men in regional New South Wales, 
and also reported significant reductions in weight and BMI.79 There have been an additional 
seven Australian cohort studies in this population group. Three studies were conducted in the 
remote areas of Western Australia and reported improvements in metabolic markers such as 
triglycerides and glucose.80-82 The remaining studies were conducted in an urban Queensland 
  Chapter 1: Introduction 
 
13 
 
population,83 the Torres Strait Islands,84 Tasmania85 and in a Metropolitan area of Western 
Australia.86  
 
One of the studies included in the systematic review was conducted in New Zealand88 
and examined a physical activity intervention using culturally-based activities such as 
canoeing and family orientated activities. The study had an excellent attendance rate (90%) 
and was widely viewed as acceptable in the communities as it had local Indigenous mentors 
adding input and assisting with the delivery of the program. McAuley and colleagues88 also 
incorporated a focus on strong cultural ties, family connections, community orientated and 
traditional activities, which may have contributed to the high attendance rate. The authors 
noted that a high level of support was required during the project period, and that support for 
maintenance of the lifestyle change was high. The physical activity component of the 
program was group exercise sessions four times a week with a variety of activities, including 
walking groups, waka ama (canoe paddling) and kappa haka (traditional song and dance). 
Individual progress checks were also conducted each fortnight over the period of the 
intervention and feedback was regularly sought as the program currently continued to run. A 
detailed description of these studies is provided in Chapter two, which is the systematic 
review of physical activity interventions with Indigenous Australian and New Zealander 
adults.77  
 
Two of the studies which did not meet the inclusion criteria of our systematic review 
analysed levels of physical activity in Indigenous school children.89, 90 One of the studies 
explored the practices of physical activity for an Indigenous population living in the remote 
communities of the Torres Strait and Northern Peninsula Area of Far North Queensland.89 
The cross-sectional survey found that only 50% of the children reported being active for more 
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than 30 minutes a day. Another cross-sectional study90 utilised accelerometers to measure 
physical activity levels in rural school children. The authors reported that Indigenous children 
engaged in more moderate to vigorous physical activity (125 minutes per day) compared to 
non-Indigenous children (107 minutes per day). Similarly to research with Indigenous adults, 
there are still many gaps in the literature in regards to the implementation and evaluation of 
physical activity programs.77 
 
There have been several recommendations in regards to study design, project 
implementation and community engagement for future research into improving the health of 
Aboriginal and Torres Strait Islander people.91-93 There are also a known variety of barriers to 
research, participation and engagement in Aboriginal and Torres Strait Islander populations. 
Reasons for low response rates can include mistrust in research and fear of exploitation,94 
lack of education95 and low population numbers compared to non-Indigenous people.19 
Research into socially disadvantaged groups has been lacking94, 96 and these groups are 
sometimes referred to as “hard-to-reach” or “hidden” populations as researchers continue to 
struggle to access, engage and retain participants. Indigenous Australians are unique in this 
regard, as there are concerns that this population group has been over-researched without 
corresponding health improvements.93 The feeling of being over-researched without 
improvements, coupled with the complex interplay of social, behavioural and environmental 
factors for developing a chronic disease in Aboriginal and Torres Strait Islander populations3 
can prove to be challenging. 
 
A challenge to non-Indigenous researchers is instilling a balance between Western 
and Indigenous research methodologies, and understanding how the application of Western 
quality indicators may impact the study results. Indigenous research methods involve 
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decolonising research frameworks by putting Indigenous voices and epistemologies in the 
centre of the research process.97 It is critical to understand the underlying assumptions that 
Western methods and beliefs are the only objective, true science.98 For example, a 
Westernised description of physical activity is any bodily movement produced by skeletal 
muscles that requires energy expenditure.21 In contrast, an Indigenous description of physical 
activity is associated as necessary physical engagement with the environment.99 Furthermore, 
physical activities in this context were described as natural and cultural resource 
management, physically active forms of social organisation and education that helped to 
build and maintain relationships, wealth and the environment. In regards to views on research 
methodologies, some would argue that Western researchers have exploited Indigenous people 
to benefit their own careers while disempowering people and bringing no tangible benefits to 
the communities.98  
 
Study design and barriers to research 
The study design is a critical factor when undertaking an intervention with Indigenous 
population groups. Randomised controlled trials are not always feasible in minority groups 
due to the small population size and it may be considered unethical to recruit a control group 
when dealing with an at-risk population.82, 88 Some debate on the issue of traditional 
randomised controlled study designs came about due to sustainability concerns100 and when 
‘well-designed’ interventions failed to produce an impact.101 
 
Other researchers have attempted to conduct RCTs with lifestyle interventions with 
Indigenous populations, but were limited to using a self-selected control group82 or the study 
became a cohort study as information was shared between the two groups.88 This information 
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is important as it highlights that traditional Western research methods are not always 
applicable and there needs to be flexibility in study design.98 In the systematic review of 
physical activity interventions for Indigenous people in Australia and New Zealand,77 one 
study utilised an interrupted time series design to examine the effect of health promotion and 
education on high-risk individuals to reduce insulin resistance102 and the remaining seven80, 
81, 83-86, 103 were cohort studies.  
 
One of the common themes in the studies reviewed here was the rejection and non-
feasibility of implementing a RCT design. Concerns about the allocation of some participants 
to a control group that would not receive the intervention were often a result of the 
consultation with the community.88 This is further supported by Rowley and colleagues,82 
who noted that a real randomised design would not be a useful model in community-based 
interventions for Indigenous people and reasons for rejection of control groups included 
ethical considerations based on at-risk individuals not receiving appropriate advice. An 
alternate study design could include a wait-listed control group, however, this may not be 
feasible if a high sample size is required in a relatively small community setting.  
 
 The sample size required for sufficient statistical power is also an issue with small 
minority population groups. Aboriginal and Torres Strait Islanders represent approximately 
3% of the total Australian population, and 28% of Indigenous people are residing in 
Queensland.19 To put this into context, one of the intervention sites in this thesis that 
requested to participate in the research has a population of approximately 100 persons 
residing in the community, of which not all would have been eligible to participate in the 
study.  
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There are also historical and cultural reasons that can affect the recruitment of a 
sufficient sample size. A systematic review on strategies for improving health and medical 
research with socially disadvantaged groups94 attributed low response rates with hard to reach 
populations to mistrust in researchers. The same problem has also been described in studies 
involving Indigenous people in Australia.93, 104, 105 Opposed to random probability, alternative 
sampling methods, such as snowball or respondent driven sampling have been used in several 
studies to assist with recruitment.79, 83, 85, 86, 88, 106 Although this is considered as convenience 
sampling and not representative of the general population, it is considered to be pragmatic 
and effective for participant recruitment with Indigenous population groups.94 
 
Education 
  Inadequate formal education can limit knowledge of an individual’s health needs and 
their ability to access resources from the health care system. Language and education are also 
important factors to consider when doing research with Indigenous populations. Researchers 
need to be aware that barriers, such as language and education, may prohibit the use of self-
administered surveys, as participants may not understand the forms. 
 
Customisation of interventions may include the use of culturally appropriate models 
or multimodal approaches, such as verbal explanations accompanied by print-based 
information, for later reference. In addition to customisation, in some situations involvement 
of an appropriate Indigenous person acting as an advisor or “literacy broker” has been useful 
in facilitating communication flows between outsiders and local Indigenous people.78, 84, 88, 102 
Reasons for the verbal explanations were also noted in a previous study, in which participants 
expressed the need for information to be relayed in their language for accurate 
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understanding.95 Poor communication leads to misinterpretation, and the researchers’ 
inability to speak the local language may also add to the participants’ fear of the research. 
The fear of research is amplified by a lack of trust in government agencies due to historical 
events (The Stolen Generation), fears regarding an invasion of privacy and confidentiality, 
and the suspicion that the study will cause judgement and biases.107 This highlights the 
importance of having local mentors and leaders to assist with the project to act as support and 
cultural brokers. Germino et al.108 engaged several community groups for promoting their 
research which included ‘cultural brokers’ to liaise between participants and researchers. The 
study reported high recruitment and retention rates. 
 
Community engagement 
  Despite extensive training and experience, non-Indigenous researchers may still have 
limited knowledge of Indigenous values, attitudes and beliefs. Engagement with community 
elders and leaders in Australian Aboriginal communities, which have social hierarchical 
structures, is an example of community engagement. The involvement of community 
members in the development of programs is considered to increase their effectiveness, 
relevance and sustainability.109 It would be promising if interventions in communities were 
implemented with advice and mentoring from local Indigenous leaders and could be proven 
to work with limited resources. If the local community is engaged with the design and 
implementation of programs in a community participatory approach,91, 110 there is the 
potential for sustainable long-term projects that could be continued by the community. 
 
In health promotion interventions with Indigenous people, cultural adaptations should 
be incorporated to ensure programs are adhering to the community values and beliefs. 
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Practical and spiritual experiences and family relations can all constitute unique ideologies in 
an Indigenous person’s knowledge. This is due to Indigenous populations being a minority 
and diverse group that, due to cultural differences, need particular consideration when 
designing programs. An example of adhering to Indigenous ideologies is flexibility in 
appointment scheduling. For instance, Indigenous Australians have a ‘here and now’ 
approach, which may have a conflict with tightly regimented, appointment-based systems.111 
Therefore, an intervention conducted by Dimer et al.86 used flexible timing of allocations of 
participant attendance to the program by not creating specific times for sessions. 
 
On a side note, for people considering doing research with Indigenous Australians, 
there are some notable recommendations by organisations, such as the National Health and 
Medical Research Council, who have provided strategic frameworks (Road Map) and 
guidelines for ethical conduct for working with Indigenous populations.112, 113 I have ensured 
the research in this thesis, to the best of my ability, has included the six values of ethical 
conduct: reciprocity, respect, equality, responsibility, survival and protection, and spirit and 
integrity. The implementation of the program was assisted by local Indigenous mentors from 
collaborating organisations who have extensive knowledge of the local culture and provided 
advice and information on the appropriate engagement procedures for individuals. 
 
Statement of the research problem 
In summary, it is evident that physical activity is associated with health benefits for the 
prevention and management of obesity and chronic disease. However, a review of physical 
activity programs with Indigenous Australians is needed to examine what has been 
implemented previously, where the gaps in the literature are, and, most importantly, if 
activity levels and health outcomes improve after such interventions. Of particular interest is 
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the use of objective measures of physical activity and functional capacity for exercise, and 
the implementation of a community-tailored physical activity program in regards to 
feasibility, affordability and practicality. Additionally, understanding the barriers and 
enablers to implementation of physical activity programs in rural and regional communities is 
crucial. Identification of successful elements will contribute to best practice knowledge and 
potentially improved health for Aboriginal and Torres Strait Islanders. This research 
examined physical activity as a method to improve the health of Indigenous Australians.  
 
Specifically, this PhD thesis contains the following studies: 
 
1. A systematic review of evaluations of physical activity interventions with Indigenous 
people in Australia and New Zealand. 
2. An examination of the reliability and validity for measuring physical activity of the 
Fitbit Flex against the Actigraph GTX3+ in both laboratory and free-living 
conditions. 
3. The changes in functional capacity to exercise and health outcomes after participation 
in an 8-week physical activity program. 
4. A qualitative evaluation of an 8-week physical activity program in a rural and 
regional setting to identify barriers and enablers to participating in a physical activity 
program. 
 
Research questions 
For the purpose of this PhD thesis, the research questions were: 
1. Do physical activity programs for Indigenous people in Australia and New Zealand 
show significant effects on physical activity levels and health outcomes? 
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2. Is the Fitbit Flex a valid and reliable measurement of physical activity when 
compared to direct observation and the Actigraph GTX3+? 
3. Will there be a clinically significant improvement in functional capacity to exercise 
and other health outcomes after the implementation of the physical activity 
intervention that is part of this PhD thesis?  
4. What are the barriers and enablers to participating in the physical activity intervention 
for Indigenous Australians in Far North Queensland?  
 
Significance of the study 
The difference in life expectancy between Indigenous and non-Indigenous Australians 
is the largest such gap in the world and is mostly attributed to preventable chronic disease. In 
the Cairns and Hinterland region, this gap is even more than 20 years.16 Despite evidence for 
the health benefits of regular physical activity in the prevention and management of chronic 
disease, few studies in this field of research have been conducted with Aboriginal and Torres 
Strait Islander people. There are many barriers to undertaking research programs with 
Indigenous people as there are also many complex factors contributing to health inequalities. 
 
Delimitations of the study 
The findings of this research are delimited to: 
(1) The nature and location of the sample, namely Aboriginal and Torres Strait Islander 
people living in Far North Queensland 
(2) The exposure and attendance to the exercise program. 
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Limitations of the study  
The conclusions drawn from this research are limited by the following factors: 
1. Sample size. 
2. Missing data from the Fitbit Flex and limited compliance by the participants to 
attending pathology collection centres. 
3. Implementation issues in the rural and regional setting. 
 
Summary 
This research set out to investigate ways to improve the health of Indigenous 
Australians through a physical activity program. The program design was inspired by a 
previous study in New Zealand with Indigenous Maori people which was successful in 
improving activity levels and health outcomes.88 Based on the unique components of these 
studies, such as the flexibility in delivery and the recruitment of local leaders, the research  
built upon these methods to create something unique to Indigenous Australians. The program 
involved implementing a pragmatic community-tailored 8-week physical activity program to 
improve functional capacity for exercise in Australian Aboriginals and Torres Strait 
Islanders. This research synthesised previous studies that evaluated such physical activity 
programs;77 validated an accelerometer for objective physical activity measurement;114 
created and implemented a program; and assessed the impact on participants’ functional 
capacity and health outcomes. 
 
Structure of the thesis 
  This thesis is divided into seven chapters. Chapter two is a systematic review of 
previous evaluations of physical activity interventions with Indigenous people in Australia 
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and New Zealand. The systematic review protocol was registered with the PROSPERO 
network and followed the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines.115 A comprehensive search of the literature identified a lack 
of homogeneity in outcome measures, which included a limited number of studies which had 
objective measures of physical activity and/or fitness. With such little evidence on changes in 
physical activity levels, it was undetermined if the changes in fitness and health were a direct 
effect from increased physical activity levels.  
 
The identified lack of objective physical activity measurements in the systematic 
review was the predecessor for designing and conducting a validation study of accelerometers 
(chapter three). The purpose of the validation study was to examine the reliability and 
validity for measuring physical activity of a novel, practical and user-friendly accelerometer. 
The study was conducted using two accelerometers: the Actigraph and the Fitbit Flex. The 
results of this study were used to determine the utility of the Fitbit Flex. Previous studies 
have compared outputs from Fitbit activity monitors and the Actigraph, but with variability in 
protocols and device placement. Paul et al.116 found excellent agreement in the average step 
count per day between the two devices recorded in free-living conditions and worn on the 
waist. Similarly, Gusmer et al.117 found no significant differences in step counts between the 
Fitbit Ultra and the Actigraph G1TM, reporting that both devices can be used interchangeably 
to measure step count when they are both worn on the waist. Ferguson and colleagues118 
compared several consumer-level devices, including the waist worn Fitbit One, against the 
Actigraph GT3X+ and found strong validity for the Fitbit’s measurement of steps and 
moderate-vigorous physical activity (MVPA). However, none of these studies compared free-
living conditions and laboratory based activities across multiple outcome measures such as 
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step count, MVPA and activity energy expenditure.  
 
Chapter four of this thesis includes the study protocol of the 8-week physical activity 
program which was implemented in a rural and regional setting in Far North Queensland. The 
protocol includes the study aims, design, a description of the program and the outcome 
measures assessed and the proposed statistical analysis. The study protocol outlined in this 
chapter demonstrates the intended methodological approach for the research. All variations of 
the study protocol are discussed at the end of this chapter in regards to issues of feasibility 
and real world application. 
 
Chapter five is an evaluation of a community-based physical activity program with 
Indigenous Australians in a rural and regional setting in Far North Queensland. After the 
validation study had been completed, the Fitbit Flex was utilised for interventions with two 
Indigenous communities. The program included participants aged 18- 45 with risk factors for, 
or an already established chronic disease. The primary aim of the study was to improve 
functional capacity to exercise, which was assessed with the six-minute walk test.119 The 
intervention activities were based on the recommendations by Indigenous mentors in the 
community, and a co-design approach with the community was determined to be more 
appropriate and ethical. The two mentors collaboratively decided upon the program inclusion 
criteria, the number of days to run activities and the types of activities that were best suited 
for their local community. 
 
Following on from the quantitative evaluation, chapter six is a qualitative evaluation 
of the program. At the completion of the 8-week program, participants were individually 
interviewed using a semi-structured interview to identify perceived barriers and motivations 
  Chapter 1: Introduction 
 
25 
 
to engage in physical activity. Additional questions were included to explore the participants’ 
experiences of the program, where improvements could be made and what the perceived 
long-term consequences are if their current behaviour continues. 
 
 The final chapter examines and reviews the studies in this thesis and around physical 
activity interventions with Aboriginal and Torres Strait Islanders. This thesis includes a 
review of the evidence, a validation study and a mixed-methods evaluation of an intervention 
study. To summarise these findings, this chapter explains how to translate the research into 
practice and has several recommendations for future research as a contribution to the body of 
evidence in this field. 
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Study protocol: A pragmatic trial of an 8-week physical activity program for Indigenous 
Australians.
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Abstract 
  Indigenous and non-Indigenous Australians have a 10-year difference in life 
expectancy, mainly due to disproportionately higher rates of chronic disease. There is 
substantial evidence for the health benefits of physical activity in chronic disease prevention. 
However, Indigenous Australians have low physical activity levels and there is little evidence 
on best practice to ensure physical activity programs are effective. The objective of this study 
is to evaluate the effectiveness of a community-tailored 8-week physical activity program on 
health outcomes in Indigenous adults in regional communities. 
 
Methods and analysis 
  The free program will consist of 60 minutes of group-based physical activity four 
times per week. The trial is pragmatic and will be implemented with two Indigenous 
communities in Far North Queensland. Data will be collected at baseline, immediately post 
and three months post program. To qualify for inclusion participants must be Indigenous, 
aged 18-45 years and have a chronic disease or a risk factor for chronic disease. The primary 
outcome measure is change in functional capacity from baseline to immediately post 
program, measured by a six-minute walk test. Additional outcomes include changes in 
physical activity (objectively measured by a Fitbit Flex), quality of life (SF-12), smoking 
status, alcohol consumption and fruit and vegetable intake. Metabolic markers that are 
indicative of chronic disease, such as HbA1c and cholesterol levels, will also be assessed. 
Semi-structured interviews will be conducted with participants to explore experiences with 
the program. 
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Ethics and dissemination 
  Letters of support were received from peak local Aboriginal and Torres Strait Islander 
organisations prior to the ethics submission. Approval was obtained from the James Cook 
University Human Research Ethics Committee in October 2015 (approval number: H5942). 
The study methodology and results will be disseminated through presentations to both 
supporting community organisations and community members and will be published in peer-
reviewed journals. 
 
Trial registration number: ACTRN12616000497404 
 
Strengths and limitations of this study 
 This trial is designed to increase physical activity levels of Aboriginal and Torres Strait 
Islander adults. 
 The mixed-methods design of this study will enable a rigorous evaluation of the program 
and provide evidence for future practice.  
 The study will be evaluated using objective measures of physical activity, biomedical 
markers, a quantitative questionnaire and qualitative interviews  
 The intervention is standardised, but the delivery and form will be adapted to the 
community. 
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Introduction 
There is a 10-year difference in life expectancy between Indigenous and non-
Indigenous Australians,1 and in Queensland half of all reported deaths for Indigenous 
Australians were at a median age of 58 years old, compared to 81 years for non-Indigenous 
people.2 It is estimated that up to 80% of premature deaths of Indigenous Australians are 
caused by preventable chronic diseases such as type 2 diabetes and heart disease.3 Nationally, 
the age-standardised mortality rate for diabetes in Indigenous Australians is nearly five times 
higher than in other Australians,4 and the age-adjusted death rate from cardiovascular disease 
for adults is almost twice as high.5 
 
There is substantial evidence for the health benefits of physical activity for the 
prevention and management of chronic disease in the general population6 and also 
specifically for Indigenous Australians.7-12 Physical activity can reduce body fat and improve 
cardiovascular function, lower blood sugar levels and increase insulin sensitivity both acutely 
and long term.13 Moreover, physical activity has been shown to decrease depression, social 
isolation and improve quality of life.14, 15 Current Australian guidelines recommend that 
adults aged 18 to 64 should accumulate 150-300 minutes per week of moderate physical 
activity or 75-150 minutes of vigorous activity or an equivalent combination of both.16 
However, only 38% of Indigenous people in non-remote locations meet the physical activity 
recommendations.17 Compared to non-Indigenous people (adjusting for age differences) 
Aboriginal Australians and Torres Strait Islanders are less likely to be sufficiently active for 
health (rate ratio 0.8), and less likely to do any physical activity (rate ratio 0.9).17, 18 Excess 
body fat, which is associated with physical inactivity, is a modifiable precursor of type 2 
diabetes and cardiovascular disease.19 Currently, 66% of Aboriginal and Torres Strait 
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Islander people over 15 years are overweight or obese, higher than the rates in non-
Indigenous Australians (rate ratio 1.1).20  
 
Despite recognition of physical inactivity and obesity contributing to the development 
of chronic diseases in Indigenous people,21, 22 little research has been undertaken to evaluate 
interventions to encourage physical activity with Aboriginal and Torres Strait Islander 
people. Our recent systematic review identified only nine such studies from Australia.23 A 
limitation of most studies was insufficient reporting of methodological details. The inclusion 
of sustainability plans and information on community feedback about factors such as barriers 
to attendance would be beneficial for future research. Cost-benefit analyses would provide 
useful information on economic feasibility, scalability, and sustainability, which can help 
inform best practice for future studies that aim to address the needs of vulnerable 
populations.24 In theory, investments in prevention of chronic diseases are more cost-
effective compared to the burden through their treatment to the health care system, the 
community, and to individuals.25  
 
Study aim and objectives 
  The aim of this study is to evaluate the effects of a community-tailored 8-week 
physical activity program on physical activity and health outcomes for Aboriginal and Torres 
Strait Islander adults in regional communities. The effectiveness will be assessed by 
measuring change in functional capacity, step counts and overall levels of physical activity, 
metabolic markers, perceived quality of life and other health behaviours and outcomes 
before, immediately after and 12 weeks after the program. The intervention was co-designed 
with the Indigenous mentors, where the intervention duration, number of sessions, and 
exercise types were chosen by the mentors. The free program will include 60 minutes of 
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aerobic and resistance type training, four times per week for an eight-week period. Training 
sessions will include a variety of exercise modalities such as small sided games and circuit 
training. Semi-structured qualitative interviews will be conducted with participants to explore 
barriers to and motivation for physical activity. Additional questions will be included to 
explore participants’ experiences with the program and suggestions for future activities. 
 
Methods and analysis 
Trial design 
  The intervention is an 8-week physical activity program to be conducted in two 
communities in Far North Queensland, using a pragmatic study design. For various reasons, 
previous studies conducted in Indigenous communities have moved away from using a 
traditional randomised controlled trial (RCT), including ethical concerns over allocating half 
the participants to the control group that will not receive the intervention26 and information 
sharing among the small communities.27 Consultations with Indigenous mentors and 
community members in the respective communities concluded it would be inappropriate to 
utilise an RCT design. An attempt will be made to use a wait-listed control group, however, 
this will require a relatively large minimum sample size (n=42) for sufficient statistical 
power. Due to the regional setting with relatively small communities of Indigenous 
Australians, and after consultation with the local health centres it was deemed it may not be 
feasible to recruit a sufficient number of participants for a wait-listed control group. 
Therefore, we may need to revise the study protocol to a pre/post intervention design with 
two communities which requires a smaller sample size (n=15) for sufficient power. Another 
barrier to using a wait-listed control group is that one of the communities expressed that they 
may not be able to commence the intervention at the required time due to staff availability, 
and a replacement site may need to be obtained later. In our recent systematic review of 
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physical activity interventions for Indigenous people in Australia and New Zealand only three 
out of the 13 identified studies were RCTs,23 which emphasises the difficulties of applying an 
RCT design in Indigenous communities.  
 
Furthermore, there have been examples where the implementation of RCT designs 
were not logistically feasible. Sibthrope and colleagues28 implemented an RCT in an urban 
Aboriginal Medical service, with the aim of assessing the effectiveness of brief interventions 
on alcohol misuse. There were demising factors, such as the attitudes to the random 
allocation of participants and low recruitment to the intervention, which lead to the program 
not being implemented as intended. Ultimately the researchers asked to terminate their 
funding from Australia’s peak funding body for medical research (National Health and 
Medical Research Council) as the study protocol could not be implemented in full capacity. 
Ideas and concepts for this program were drawn from a previous study,27 which implemented 
a similar program with a Maori population in New Zealand. This trial was registered with the 
Australian New Zealand Clinical Trial Registry (ACTRN12616000497404). 
 
Settings 
  The two collaborating communities are in Far North Queensland, Australia. The 
population of one community is estimated to be 1,700 people, with 21% of the residents 
identifying as Indigenous and the second site has a population of approximately 10,000 
residents, with less than 1,500 identifying as Indigenous. Known factors that may affect 
attendance to exercise programs include the logistics, such as transport to and from the site, 
personal health and competing obligations such as caring for children.29 In regards to family 
and income, the communities’ unemployment levels were 20 and 54% and jobless single 
parent families represent 25% and 54% respectively.30 Considering these factors may affect 
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attendance to the program, it was deemed inappropriate to have participants pay any fees 
towards activities and to keep activities flexible for family participation such as allowing 
children to attend the walking groups at the parents’ discretion. 
 
Recruitment  
  Participants will be recruited through community information sessions. Working in 
conjunction with the Indigenous mentors, flyers will be posted around the community at 
different sites such as the supermarket and local sporting facilities. A facebook page will also 
be created to recruit people into the program.  
 
Sample size 
  A sample size of 15 participants is estimated to achieve more than 90% power to 
detect a significant difference in the six-minute walk test distance with a level of significance 
of 0.05. The calculation of the sample size was based on an expected minimum increase in 
the primary outcome measure of the six-minute walk test of 50 metres, which is considered 
clinically relevant.31 We aim to recruit 30 participants to account for attrition. 
  
Participants  
Inclusion criteria 
1. Aged 18-45 years at recruitment;  
2. Identify as Aboriginal and/or Torres Strait Islander; 
3. Have a diagnosed chronic disease or a risk factor for chronic disease. Risk factors are 
based on the definitions in the guidelines of the Australian Institute of Health and 
Welfare,32 such as having a BMI of/or greater than 30, waist circumference of/or greater 
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than 94 centimetres for men and 80 centimetres for women, and/or less than 150 minutes 
of physical activity per week. 
 
Exclusion criteria 
1. Pregnancy at baseline or during the study period; 
2. Advised by a medical professional not to participate in physical activity or physically 
unable to partake in activities due to injury or illness. 
 
Intervention 
  This is considered a ‘complex intervention’ due to a large number of discretionary 
behaviours and actions required between the sites. Flexibility and tailoring of the program in 
the delivery and reception will be important factors for success.33 As described by Hawe et 
al.,34 the function of the intervention is standardised, but the form varies across the context, 
which in this case is the community. During discussions with the participating communities, 
the program was standardised through the agreement of the number of sessions provided per 
week. However, the physical activity sessions would be determined by the mentor to suit the 
facilities and resources available in the community. 
 
   The duration of 8 weeks of the program is based on previous evaluations of physical 
activity programs with Indigenous Australians lasting 8 weeks or less which reported 
significant reductions in weight, BMI and/or a significant increase in fitness,9, 10, 35 and 
improvements in blood lipids.35, 36 The effectiveness of the program will be assessed through 
measures of step counts and overall levels of physical activity, metabolic markers, perceived 
quality of life and other health behaviours and outcomes before, immediately after and 12 
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weeks after the intervention.  
 
  The program will be delivered through one-hour face-to-face group sessions, four 
times per week for eight weeks. Participants will be encouraged to attend at least one session 
per week. Each week there will be two sessions with vigorous and two with moderate 
intensity activities, delivered by a qualified sport and exercise scientist (principal 
investigator). The vigorous intensity sessions will include small sided team sports (small 
number of players per side), such as soccer and touch football, and circuit training with 
adaptations made to account for individual fitness levels. The remaining two sessions will be 
self-paced moderate intensity walking sessions (male and female groups) and will be 
conducted by community leaders. Involving community leaders is important to assist with the 
eventual changeover and sustainability of the program. Moderate and vigorous intensity 
sessions will be alternated during the program period and all sessions will include a warm up 
prior to exercise and cool down after the activity. Each session will have a sign-in sheet to 
monitor the program dose-response and implementation fidelity. Field note reflections will be 
taken at the end of every session to report any adverse events or participant feedback. If there 
are any medical concerns during an exercise activity, participants will be requested to provide 
a doctor’s certificate before they can return to the program. The activities will be conducted 
at free community facilities, such as walking tracks and football fields, where there will be no 
cost to participants. Semi-structured qualitative interviews will be conducted after the 
intervention to explore participants’ motivation and barriers with the program and explore 
suggestions for future physical activity programs. 
 
 Participants will be asked to provide informed written consent after a hard copy and 
verbal explanation of the information sheet is given to them, prior to any baseline 
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assessments. A plain English verbal explanation will also be provided and Indigenous 
mentors will be available for those whose first language is not English.37 The explanation will 
include the purpose of the research, reassurance on the confidentiality and de-identification of 
information and disclosure of the working relationship with the Indigenous mentors. 
Participants will be informed that they can withdraw from the study at any time without 
reason or consequence. 
 
Timeline 
 The study design is a pragmatic trial with two communities in Far North Queensland. 
Data collection time points will include before, immediately after and 3 months after the 
program. One of the communities that agreed to participate in this project was known through 
an existing relationship from a previous research project.38 An additional community 
contacted the principal investigator to express their interest in taking part in the intervention 
as a wait-listed control group. The second site was not an existing research partner of the 
University and has since had a research agreement in place.  
 
Indigenous mentors  
  The project will be guided by the principal investigator (AS) in conjunction with local 
Indigenous mentors from collaborating organisations. The mentors are health workers who 
live and work in the communities and have extensive knowledge of local culture. The 
mentors provide advice and information on the appropriate procedures for individuals in that 
community. Adaptations of survey tools, such as the SF-12,39 were critical as the questions 
were not always appropriate for the community. For instance, one question on the SF-12 asks 
participants about time spent doing moderate intensity activities and uses the examples of 
“moving a table, pushing a vacuum cleaner, bowling, or playing golf”. Keeping in mind the 
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locations and socio-economic status of the communities, activities such as playing golf and 
bowling would not be common due to lack of facilities for such activities and due to different 
preferences for activities, including team sports such as touch football. Therefore, these 
activity examples in the SF-12 were modified to “brisk walking, or moderate exercise”.  
 
  For the intervention to become sustainable after the initial 8-week program, the 
Indigenous mentors were asked to provide assistance during the exercise activities. This was 
to ensure the mentors have established relationships with the participants and will be able to 
run the program without external help from the researchers. 
  
Data collection 
  Once a participant has received and had a verbal explanation of the information 
sheet, they will be asked to sign an informed consent form if they wish to continue with the 
program. All participants will receive a copy of their data and all organisations that are 
involved will receive a non-identifying report highlighting the intervention results. 
Participants will be provided with the option to have results of any health outcomes measured 
in this study added to their existing medical clinic health record. Participants will be given a 
Pre-Medical Questionnaire, which has additional questions around possible confounding 
variables such as medical history, alcohol consumption, education and household income. 
 
 The SF-12 will be administered to participants during the session. After the forms 
are completed, participants will have anthropometric measures objectively assessed such as 
height, weight, body fat, and waist and hip circumference. Following the assessment, a six-
minute walk test (6MWT) will be conducted.40, 41 The participants will then receive a wrist 
worn Fitbit Flex activity monitoring device to wear during the program, in addition to 
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wearing the device for seven days pre and post program. Participants will be given a 
pathology form to take to a clinic for the relevant tests. This form needs to be taken to the 
designated pathology clinic where participants will have a fasting venous blood sample taken. 
All participants will have the option to send the pathology results to their preferred doctor if 
they wish for the results to be added to their personal medical records.  
 
 The original study forms will be stored in a locked filing cabinet on the University 
campus. The data will be de-identified and entered into a password protected electronic 
database. A subset of the forms will be selected for quality control of data entry purposes and 
cross examined against the values in the database.  
 
1. Blood pressure and anthropometric assessments 
 Blood pressure will be measured using an electronic monitor with an upper arm cuff  
 (Omron HEM-907). To standardise the measurement of blood pressure, all participants 
will be seated for at least 5 minutes prior to the readings in line with the guidelines of the 
American College of Sports Medicine.42 Three measurements will be recorded and the 
mean value for the second and third will be used. 
 Height will be measured using a stadiometer. Participants will be asked to remove their 
shoes and socks for the assessment. Values will be measured to the nearest 0.1cm, with 
two measures being taken and averaged. 
 Weight and body fat will be measured using a segmental bioelectrical impedance Tanita 
body fat monitor/scale (BF-545, Tanita Corporation, Tokyo, Japan). Participants will be 
asked to remove their shoes and to remove anything from their pockets. It is advised that 
participants who are fitted with an electronic pacemaker do not have their measurement 
taken on these scales due to the bio-electric impedance. 
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 Waist and hip circumference will be measured preferably by having participants lift their 
shirts above their hips. However, if they are uncomfortable or unable to (wearing a dress 
for example), the measurements will be taken over clothing with a note to repeat this at the 
follow up for consistency. Measurements will be taken to the nearest 0.1cm. 
 Physical activity will be measured with a wrist worn Fitbit Flex over a period of seven 
days prior to the program and seven days after the program. The Fitbit Flex has moderate 
validity for measuring physical activity relative to direct observation and the Actigraph 
accelerometer,43, 44 and was deemed to be more cost-effective and had a potentially 
reduced participant burden and better compliance in wearing time as the device is 
waterproof and can be worn 24 hours a day. The Fitbit Flex is capable of measuring step 
count, minutes of moderate to vigorous physical activity, sleep patterns, and daily calories 
burnt (kcal). The data from the Fitbit Flex will be expressed as mean daily steps and 
energy expenditure (kcal), and weekly minutes of moderate-to-vigorous physical activity. 
 Functional capacity to exercise will be measured using the 6MWT. This test measures the 
distance travelled over the duration of six minutes and was originally designed as an 
exercise tolerance test, but can also be used as a performance-based measure of functional 
capacity to exercise.40, 41 The 6MWT has been used in a variety of different populations 
such as in chronic heart failure patients,31 chronic obstructive pulmonary disease,45 healthy 
populations,46 with Indigenous Australians adults,7, 9, 38 and with different age groups from 
children and adolescents to older adults.47-49 An increase of 50 meters will be accepted as a 
clinically significant improvement.31 This field-based measurement requires minimal 
equipment, is cost effective, non-invasive and self-paced which makes it applicable to 
people with varying fitness levels and health conditions.38 
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2. Clinical assessments:  
  Fasting venous blood samples will be collected from participants by an accredited 
pathology service in the Far North Queensland region. For consistency in measurements, the 
same laboratory service will be utilised for both communities. 
 Fasting blood glucose levels will be analysed using Hexokinase BSL: Abbott c16000 
(Hexokinase – enzymatic) 
 HbA1c: Biorad D-100 (HPLC Ion Exchange) 
 Liver function: Abbott c16000 (Enzymatic/colorimetric) 
 Total cholesterol (LDL, HDL): Abbott c16000 (Enzymatic/colorimetric) 
 Triglycerides: Abbott c16000 (Enzymatic/colorimetric) 
 C-reactive protein: Abbott c16000 (Immunoturbidimetric) 
 
3. Surveys  
  Participants will be asked to complete a pre-medical questionnaire, a lifestyle 
behaviour survey and the Quality of Life SF-12 questionnaire.39 The surveys will be 
conducted at each data collection point. Although the Indigenous mentors were not present 
when the participants completed the questionnaires, they were in the immediate vicinity and 
available to assist in person if needed. 
 The SF-12 survey will be used to assess self-rated health, mental health, and physical 
function. 
 The pre-medical questionnaire includes questions about participants’ current state of 
health, such as illness and injuries, family medical history, their own medical history and 
if they had been told not to participate in exercise. We added questions on socio-economic 
status, education level and number of dependent children in the household. Health 
behaviour questions, such as fruit and vegetable and alcohol intake, were taken from 
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national surveys such as the National Aboriginal and Torres Strait Islander Nutrition and 
Physical Activity Survey 2012-1350 and the 2013 National Drug Strategy Household 
Survey.51 The survey questions will allow for more comparable results of the community 
data against national averages. 
 
  The questionnaires will be filled out while the principal investigator is present, in 
case questions need clarifying. During negotiations with the local health care centres it was 
agreed that the principal investigator will provide individuals with the results of their 
assessments. The report will include baseline anthropometric, physical activity and pathology 
results. Post-intervention reports will have all results included with a personalised summary 
of what changes they have made and how it will impact their health. Participants will also be 
provided with a printed copy of their pathology results to provide to their doctor if they wish. 
Alternatively, participants will have the option to have their reports forwarded (by the 
researcher) to the relevant doctor/s on their behalf. 
 
Data analysis 
Statistical analysis 
  Although this is a prospective before and after comparison trial, statistical analysis 
and reporting will follow the SPIRIT guidelines.52 Numerical data will be described using 
mean and standard deviation (SD) if symmetrically distributed and median and inter-quartile 
range (IQR) if skewed; categorical data on health behaviours will be described using absolute 
and relative frequencies. Numerical data will be compared pre- and post-intervention using 
paired Student’s t-tests if data are symmetrical and paired Wilcoxon signed-rank tests if the 
data are skewed.  
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  The main outcome measure is the paired difference in the 6MWT distance. If the 
differences in the outcomes of the 6MWT do not fit assumptions of normality, the data will 
be log transformed for the linear regression analysis. Multiple linear regression analyses will 
be used to examine associations between demographic variables, health behaviours and 
differences in the 6MWT. Examples of potential predictor variables include program 
attendance, health behaviours, such as smoking and alcohol consumption, and employment 
status. Dummy variables will be created for categorical variables in preparation of the 
regression analysis. Assumptions of linearity will be checked for numerical factors; which 
will be categorised if assumptions are violated. Throughout the analysis, statistical 
significance will be assumed when p-values are less than 0.05. The statistical analyses will be 
undertaken using Stata release 13 (StataCorp LP, College Station, Texas, USA). 
 
Qualitative evaluation 
  This study is an explanatory sequential design, where the quantitative data will be 
collected and analysed first, to help inform the qualitative aspect of the study.53 At the 
completion of post-exercise intervention testing, individual interviews will be conducted. 
Participants will receive a letter at their post testing session and letters will be sent to those 
who did not attend the follow-up data collection. The interviews will be conducted in a 
private space and guided as a semi-structured interview using open-ended questions. The 
interview questions will be based on the components of the Health Belief Model,54, 55 as it is 
one of the most widely recognised conceptual frameworks for health behaviours.55-57 
Questions will be directed to identify perceived barriers and motivations to engage in 
physical activity. Additional questions will be included to explore the participants’ 
experiences with the program, where improvements could be made and what the perceived 
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long-term consequences are if their current behaviour continues/discontinues. All interviews 
will be audiotaped and later transcribed in order to conduct a thematic analysis. 
 
Contingency plan 
  There were some challenges with the program. The original site to begin the 
intervention was unable to commit due to a variety of reasons. This easily accessible 
community already had a research agreement in place and several projects were being 
conducted at the time of approach, which made members of the community feel ‘over-
researched’. Originally, a wait-listed control group was agreed upon, but unable to be 
implemented due to the sample size required and the small population size of the 
communities. As a contingency plan, a pre/post study design will be implemented instead.  
 
  Another concern is the weather conditions might pose a problem to the program as it 
will be run outdoors. In case of bad weather it has been arranged with the community health 
workers to use an air-conditioned indoor location to run activities. Access to transportation to 
attend activity sessions is also a risk factor, however, carpooling will be encouraged. 
 
Discussion 
  This community-based physical activity program is designed to provide a 
standardised, but community-tailored approach to a physical activity program. The aim of the 
study is to evaluate the effectiveness of an 8-week physical activity program in improving 
physical activity and health outcomes among Indigenous Australian adults in regional 
communities. The primary outcome of the study is change in functional capacity to exercise, 
measured by the six-minute walk test. Whilst the population of interest includes young to 
middle-aged adults (18-45 years old), the early onset of chronic disease is common in this 
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population group.58 The six-minute walk test is primarily used for middle-aged and older 
adults and more severe health conditions,31, 45 but has also been used with Indigenous 
Australians adults7, 9, 38 and younger populations.47 The six-minute walk test is appropriate for 
use in this study as all participants will have identified risk factors for, or an established 
chronic disease. Chronic diseases are burdensome, debilitating and potentially fatal.59 
Physical inactivity has detrimental effects on wellbeing and functional capacity,60 and regular 
physical activity is a direct causal pathway to increased fitness levels, which improve the 
capacity to exercise. The 8-week physical activity program will be run in two Indigenous 
communities and will include 60 minutes of face-to-face group aerobic and resistance type 
training, four times per week. The intervention will be evaluated using both qualitative and 
quantitative approaches to assess the effectiveness. The long term aim will be to investigate 
the sustainability of the project through the handover of the activity sessions to the partnered 
community health centres. The program will be conducted and designed to meet the needs of 
the community and to change health behaviour and health outcomes through increased 
interaction with the community health centre and through the provision of free physical 
activity sessions. The evaluation of the intervention program will provide information on best 
practice and effectiveness of a physical activity program with Aboriginal people and Torres 
Strait Islanders with a risk factor for, or established chronic disease. 
  
Study limitations 
  The study has a number of limitations. The intervention is going to use a non-
randomised and uncontrolled study design. A true RCT was not possible given the population 
size of the communities and the number of participants required to meet the minimum sample 
size. A wait-listed control group design was examined for feasibility and scalability, but was 
not possible due to the sample size required and the timeframe and availability of staff. The 
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follow up length is limited to three months due to timeframe restrictions. Ideally, this would 
be longer than 12 months to evaluate the sustainability of the intervention effects. 
 
Plans for dissemination of findings 
  The results of the physical activity program will be disseminated through peer-
reviewed journal publications and presentations. Study participants will receive a copy of 
their own results which include the pre and post program anthropometric outcome measures 
and the results of the six-minute walk test. The supporting community organisations will each 
receive an overall report detailing the main findings, including a summary of overall pre and 
post anthropometric outcomes, data on health behaviours (such as physical activity, diet and 
smoking) and self-rated health. The organisations will also receive a summary of the results 
from the qualitative aspect of the study for feedback and planning purposes. Copies of all 
subsequent peer-reviewed publications from the intervention will be sent to collaborating 
organisations. Presentations on overall results will be given at an open community forum and 
for all staff members of the supporting organisations. Access to full datasets will only be 
available to the principal investigators and will not be made available to the public. 
Collaborating organisations may receive access to pathology reports if prior written consent 
is received from the study participants.  
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Abstract 
 Objective 
  To evaluate the effectiveness of a community-tailored 8-week physical activity 
program on activity levels and health outcomes in Indigenous adults with a risk factor for, or 
an established chronic disease. 
 
Methods 
  The intervention was implemented in a rural (N=12) and regional (N=22) setting in 
Far North Queensland. The free program consisted of 60 minutes of group-based physical 
activity four times per week. Outcome measures included change in functional capacity for 
exercise, measured by a six-minute walk test (6MWT), physical activity, anthropometric data 
and pathology markers.  
 
Results 
  The rural community members had significant increases in the 6MWT distance from 
467 metres±56 to 557 metres±108 (p=0.01) and decreases in body fat (34.98±6.6% to 
30.61%±6.92, p=0.009) and hip circumference (106.6cm±4.0 to 104cm±5.3, p=0.005). In the 
regional city, there were significant reductions in waist circumference (99.11cm±11.95 to 
96.07cm±11.46 (p=0.006), hip circumference (105.41cm±11.32 to 101.97cm±8.83, p=0.019) 
and systolic (p<0.001) and diastolic blood pressure (p<0.001). Self-reported physical activity 
increased in both communities, but not significantly (p=0.09). 
 
Conclusions 
  The evaluation of the physical activity program showed promising improvements in 
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functional capacity for exercise and health outcomes, however, the challenge is to better 
understand how to increase participation rates.  
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Introduction 
In Australia there is a ten-year gap in life expectancy between Indigenous and non-
Indigenous people,1 and in the state of Queensland this gap is more than 20 years.2 It is 
estimated that 80% of this difference is caused by chronic diseases, such as type 2 diabetes 
and cardiovascular disease,3 and there is substantial evidence for the health benefits of 
physical activity in the prevention and treatment of chronic disease.4 Australian guidelines 
recommend that adults aged 18 to 64 should accumulate 150-300 minutes per week of 
moderate physical activity or 75-150 minutes of vigorous activity.5 Based on self-reported 
data, more than half of all Australian adults (56%) are not sufficiently active, while adults in 
regional and remote areas are even less active (62% and 61% respectively).6 Indigenous 
Australians have even lower rates of physical activity, with 38% of Indigenous people in non-
remote locations meeting the physical activity recommendations.7 
 
Nevertheless, little research exists on physical activity and health outcomes among 
Indigenous Australians.8 The aim of this study was to implement and assess the effectiveness 
of an 8-week physical activity program with Aboriginal and Torres Strait Islanders in Far 
North Queensland. Outcome measures included functional capacity for exercise and several 
anthropometric measures and pathology markers. We hypothesised that the program would 
improve the participants’ functional capacity for exercise and health outcomes.  
 
Methods 
The trial was registered with the Australian New Zealand Clinical Trials Register 
(ACTRN12616000497404). Ethical approval was obtained from the James Cook University 
Human Research Ethics Committee in October 2014 (approval number: H5942). The 
additional site-specific approval for the regional city was obtained in July 2016. The two 
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collaborating communities are located in Far North Queensland. The population of the rural 
community is 1,700 people, with 21% identifying as Indigenous. The regional city is located 
100 kilometres from the rural community and has a population of approximately 160,000, 
with 8% identifying as Indigenous. To be included in the study, participants had to be 
Aboriginal and/or Torres Strait Islanders, be aged between 18-45 years, and have a diagnosed 
chronic disease or a risk factor for chronic disease. Risk factors are based on the definitions 
of the Australian Institute of Health and Welfare,9 such as having a body mass index (BMI) 
of/or greater than 30, waist circumference of/or greater than 94 centimetres for men and 80 
centimetres for women, and/or undertaking less than 150 minutes of physical activity per 
week. The exclusion criteria were pregnancy at baseline or during the study period or advice 
by a medical professional not to participate in physical activity or being unable to partake in 
activities due to injury or illness. In conjunction with an Indigenous mentor, a facebook page 
was created and flyers were posted around the community to recruit participants. The 
program commenced in January 2016 in the rural community where shortly after the wait-
listed control group withdrew. A second convenience site was recruited in a regional city 
where the project commenced in July 2016. 
 
This program is described as a ‘complex intervention’ due to a large number of 
discretionary behaviours and actions implemented by the communities. Hawe et al.10 
described interventions as complex when the function of the intervention is standardised, but 
the form varies across the context. The project was implemented by the principal investigator 
(AS) in partnership with local Indigenous mentors from collaborating organisations. The 
mentors were health workers who lived and worked in the communities, have extensive 
knowledge of the local culture and provided advice and information on the appropriate 
engagement procedures for individuals. The program was delivered through one-hour face-
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to-face group sessions, four times per week for eight weeks. Participants were encouraged to 
attend at least one session per week. Each week there were two sessions with vigorous and 
two with moderate intensity activities delivered by an exercise scientist (AS). The vigorous 
intensity sessions included small-sided team sports, such as soccer and touch football, and 
circuit training with adaptations made to account for individual fitness levels. The remaining 
two sessions were self-paced moderate intensity walking. 
 
A verbal explanation of the information sheet was given by the principal investigator 
before written consent was obtained. Participants were given the opportunity to decline 
participation in the study or to withdraw at any time. There was no financial cost involved 
with participation in the project. Participants completed a pre-medical and lifestyle behaviour 
questionnaire, including physical activity levels.  
 
Anthropometric measures were taken by the chief investigator, including height, 
weight, body fat (BF-545, Tanita Corporation, Tokyo, Japan), mean blood pressure (Omron 
HEM-907) and waist and hip circumference. Functional capacity for exercise was assessed 
with the six-minute walk test and was the primary outcome measure.11 The 6MWT measures 
the distance an individual is able to walk in six minutes, where the goal is to walk as far as 
possible within that time. The 6MWT has been used in different populations such as in 
chronic heart failure patients,12 chronic obstructive pulmonary disease,13 healthy 
populations,14 and Indigenous Australian adults.15 The participants then received a wrist worn 
Fitbit Flex16, 17 accelerometer to wear during the program, and for seven days pre and post 
program to objectively assess physical activity. The pathology tests included blood glucose, 
cholesterol, liver function and C-reactive protein. 
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A sample size of 15 participants was estimated to achieve more than 90% power to 
detect a significant increase (p<0.05) in the primary outcome of the 6MWT distance. The 
sample size calculation was based on an expected 50-metre increase in the 6MWT, which is 
regarded as clinically significant.12 The minimum number of participants to be recruited was 
estimated to be 30, to account for an expected attrition rate of 50%. 
 
The statistical analyses were undertaken using Stata release 13 (StataCorp LP, 
College Station, Texas, USA). Only participants who completed pre and post testing were 
included in the analysis, with separate analyses for each community required due to 
differences in baseline health status and regional variation. Since participation in the 
intervention was low, an intention to treat analysis18 was undertaken (details on the 
attendance rate are provided in the Results section). Further analyses were conducted to 
measure the effect of the intervention, based on participants who did and did not attend the 
program. Numerical data is described using mean and standard deviation (SD) if 
symmetrically distributed and median and inter-quartile range (IQR) if the data were skewed. 
Pre and post intervention anthropometric data were compared using a paired t-test. Pathology 
results were analysed using a paired Wilcoxon signed-rank test as the data were not normally 
distributed. Categorical data on health behaviours is described using absolute and relative 
frequencies as nominal values and data are compared using a Fisher’s exact test or a 
McNemar’s test if the variables are dichotomous. 
 
Results 
Descriptive statistics are provided in Table 1. Six men and seven women enrolled into 
the program (N=13) in the rural community. One participant was later excluded after failing 
to show up to complete a baseline six-minute walk test. A flowchart of participants is 
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provided in Figure 1. The mean age of the participants was 36.5 years±6.3 and the average 
weight and BMI at baseline for all participants was 85.43kg±14.71 and 32.18kg/m²±3.06 
respectively. BMI classifications were overweight (n=1), obese (n=9) and morbidly obese 
(n=2). The mean for functional capacity to exercise, assessed with the 6MWT, was 
467.33m±56.58. Prior established health conditions of the participants included diabetes 
(n=5), high cholesterol (n=3), high blood pressure (n=4) and asthma (n=2).   
 
Figure 1: Study flow diagram for evaluation of physical activity intervention for Indigenous Australians, Far 
North Queensland, 2016. 
 
In the regional city, 23 participants enrolled in the program (eight males and 15 
females). One woman was later excluded from the evaluation due to pregnancy, but was still 
invited to participate in the walking groups. The mean age of the participants was 29.27±6.0 
years, with a mean weight and BMI of 88.61kg±16.44 and 30.66kg/m²±5.07 respectively. 
BMI classifications were normal (n=3), overweight (n=7), obese (n=11) and morbidly obese 
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(n=1). The mean distance for the 6MWT was 509.8±52.07m. Pre-existing medical conditions 
included high cholesterol (n=2), type 2 diabetes (n=3), rheumatic heart disease (n=1) and 
asthma (n=2). 
 
In the rural community, six participants completed both the pre and post 
anthropometric assessments (Table 2). There was a significant increase in the primary 
outcome of the 6MWT distance from 467.3m to 557.8m (p=0.01) and small reductions in 
BMI, waist circumference, and systolic blood pressure, but these were not significant. The 
mean weight of the participants only decreased slightly from 85.4kg to 84.6kg (p=0.59), 
however, there were significant reductions in body fat and hip circumference from 34.9% to 
30.6% (p=0.009) and 106.6cm to 104cm (p=0.005) respectively. In the rural community, 
despite being aware of the pathology collection requirements, participants declined to have a 
second pathology test taken which resulted in missing data (Table 5). 
 
In the regional city, 18 of the 22 participants attended the post-program assessments. 
There were no significant changes in the primary outcome measure of the six-minute walk 
test. However, there were significant reductions in waist circumference from 99.11cm to 
96.07cm (p=0.006) and hip circumference (105.41cm to 101.97cm (p=0.019) and in systolic 
(p<0.001) and diastolic blood pressure (p<0.001). There were no significant changes in 
weight, BMI, bodyfat percentage or the pathology markers (Table 2). 
 
Program attendance was low. In Table 3, the anthropometric outcomes are displayed 
for all participants in the communities, grouped by those who attended the program and those 
who did not, but had follow-up assessments. In the rural community, eight participants did 
not attend a single training session, and four attended an average of seven sessions. In the 
Chapter 5: Quantitative evaluation 
118 
 
regional city, twelve participants did not attend a single training session, while the remaining 
ten participants attended an average of five sessions. There were significant differences 
between those who attended the classes and those who did not for the 6MWT (p<0.01) and 
waist circumference (p=0.022) (Table 3). Those who were exposed to the intervention had 
significant reductions in waist (p<0.001) and hip circumference (p=0.003), as well as systolic 
(p=0.005) and diastolic blood pressure (p=0.031). Functional capacity to exercise was also 
increased significantly (p=0.002) for those who attended, but not for those who did not attend 
(p=0.75) (data not tabled). Reasons for non-attendance and withdrawal included working 
outside the community, travelling to visit family members in hospital and relocating to find 
employment. 
 
Changes in self-rated health and health behaviours for participants who attended the 
follow-up assessments are displayed in Table 4. For participants who had data for both 
outcome measurements (n=9), the baseline self-reported daily MVPA minutes (28.4±13.7) 
were almost the same as the objectively measured MVPA (29.5±20.1). After the intervention, 
there was an increase in self-reported daily minutes of MVPA for those who reported doing 
regular physical activity at baseline, and who were also available at follow-up (n=10), from 
28.2±13.3 to 40±20.2 (p=0.09) (data not tabled). As a result of poor compliance to wearing 
the Fitbit Flex, and some participants losing the device, no objectively measured physical 
activity data post-intervention were available. 
 
Discussion 
The aim of this study was to implement and evaluate the effectiveness of an 8-week 
physical activity intervention in a rural and a regional Indigenous group in Far North 
Queensland. There were several barriers to program implementation, however, improvements 
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in health outcomes were evident. In the rural community, there was a clinically significant 
increase in the 6MWT distance and significant reductions in body fat and hip circumference. 
In the regional setting there was a non-significant increase in the 6MWT distance. However, 
significant reductions were evident in waist and hip circumference and systolic and diastolic 
blood pressure. There were no significant changes in weight, BMI or pathology markers for 
either community. 
 
The findings from this study are consistent with other evaluations of physical activity 
programs for Indigenous Australians.15, 19 One 8-week program19 evaluated the uptake and 
effects on lifestyle and cardiovascular risk factors of a cardiac rehabilitation program at an 
Aboriginal Medical Service in a metropolitan area of Western Australia. The program 
involved twice weekly, supervised, one hour exercise sessions with stationary cycling and 
dumbbell exercises as well as education sessions. Dimer et al.19 reported significant 
reductions in BMI, waist circumference and in blood pressure. In addition, there was a 
significant increase in the distance walked during the 6MWT, consistent with our results from 
the rural community. In the regional city in the present study there were also significant 
reductions in blood pressure and waist and hip circumference, but no significant changes in 
weight and BMI. Another similar study15 in Tasmania with two one-hour exercise sessions 
and a one hour education class each week reported significant reductions in weight, waist 
circumference and significant improvements in the 6MWT distance. 
 
In contrast to two other studies with similar duration,20, 21 in the present study there 
were no significant changes in pathology markers. An Australian study20 with a duration of 
seven weeks reported reductions in plasma insulin, cholesterol and glucose in 14 Indigenous 
participants who were taken to a remote location in Western Australia to revert to a 
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traditional hunter and gatherer lifestyle. However, the volume of physical activity in this 
intervention would have been extremely high. A four week RCT in New Zealand21 involved 
small sided team sports three times per week and the participants attended 10-12 training 
sessions. There were significant increases in V02 peak, leg strength and HDL cholesterol 
which would suggest that eight weeks are long enough to detect significant changes in 
pathology markers if the physical activity program is intensive and has a good attendance 
rate. 
 
The participants in our study had no significant changes in weight or BMI. Evidence 
suggests that even without weight loss, changes in exercise and diet can improve 
cardiometabolic risk profiles in overweight or obese individuals.22 In the rural community, 
there were no significant reductions in weight or BMI, but reductions in waist and hip 
circumference and bodyfat indicate an increase in muscle mass. Reductions in blood pressure 
like in our study can also reduce cardiovascular morbidity and mortality,23 particularly in 
hypertensive patients where the more aggressive the blood pressure reduction, the greater the 
benefit.24 The significant reductions in waist and hip circumference in our study are also 
likely to have a positive impact on the participants’ health as irrespective of overall body fat 
central obesity is a mediating variable to hypertension, type 2 diabetes and 
hyperinsulinemia.25 
 
A strength of this study is the ‘complex intervention’ design, which allowed for the 
physical activity program to be tailored to each community. During the discussions with the 
Indigenous mentors they decided what activities for the intervention would be most 
appropriate and well-received by the community. Although the attendance to the program 
was low, the participants had not identified the type of exercise as an issue, but rather 
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external factors that influenced their attendance, such as lack of transport. This resulted in 
different types of physical activity being conducted across both sites, and using different 
training locations such as gyms, local parks and walking tracks. Small-sided team sports were 
only possible to conduct in the regional city, due to accessibility to an oval with equipment 
(such as soccer goals), and a larger population size. Other strengths of the program delivery 
were that all the training sessions were free to the participants and that sustainability of the 
program was achieved in the rural community. The continuation of the program beyond this 
study was only possible in the rural community as it had a collaborative approach with a local 
community health centre which had an Indigenous mentor who was also a fitness instructor 
and who after the program was allocated working hours towards continuing to run free 
physical activity classes for the community. 
 
The key limitations related to the study design, implementation fidelity and missing 
data. Conceptually, the ideal study design would have been a randomised controlled trial or 
the inclusion of a wait-listed control group. However, in reality this was not possible. 
Initially, a wait-listed control group was recruited in another rural community, but they 
unexpectedly withdrew. Instead, we used a pre/post design which is not as strong as an RCT 
or controlled trial. Previous studies conducted in Indigenous communities have moved away 
from using traditional RCTs for various reasons, including ethical concerns over allocating 
half the participants to the control group that will not receive the intervention and information 
sharing among the small communities.8 In our recent systematic review of physical activity 
interventions for Indigenous people in Australia and New Zealand, only three out of the 13 
identified studies were RCTs, which emphasises the difficulties of applying an RCT design in 
Indigenous communities.8 
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Missing physical activity data due to poor compliance with the Fitbit Flex 
accelerometer and missing pathology tests limited the data analysis. The missing data for 
some participants limited the statistical power for some of the pre/post outcome comparisons 
and restricted subgroup analysis. Only six participants had pathology markers assessed at 
baseline and post-program. The majority of the participants failed to have their blood tests 
taken even though free transportation to a clinic was offered. The fear of needles and the 
frequency of blood tests (three times during the program) were all barriers to obtaining 
pathology samples. 
 
While the lack of objective measures of physical activity at follow-up due to poor 
participant compliance with wearing the Fitbit Flex was a limitation, the baseline data for 
self-reported and objectively measured MVPA were almost identical which would suggest a 
high validity of the self-reported minutes of MVPA at follow-up. We are only aware of two 
evaluations of physical activity interventions with Indigenous people in Australia and New 
Zealand that used objective measures of physical activity (pedometers).26, 27 Most similar 
interventions rather focused on health outcomes.8 In the context of this study, the 6MWT was 
a more practical indicator of the change in exercise levels rather than data from the Fitbit 
Flex, as regular physical activity is a direct causal pathway to increased fitness levels, which 
improves the capacity to exercise.4 
 
Conclusion 
The 8-week physical activity program was implemented in both a rural and regional 
city in Far North Queensland. There were several barriers to implementation, however, 
improvements in multiple health outcomes were evident in both communities. The low 
attendance to sessions suggests that more work is needed before program implementation to 
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investigate perceived barriers and facilitators to physical activity programs within Australian 
Aboriginal and Torres Strait Islanders communities. 
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Table 1. Characteristics of the participants in each community at baseline and follow-up. 
 Rural community n (%) Regional city n (%) 
 Baseline (n=12) Follow-up (n=6) Baseline (n=22) Follow-up (n=18) 
Gender Female (n=7) 
Male (n=5) 
Female (n=4) 
Male (n=2) 
Female (n=14) 
Male (n=8) 
Female (n=13) 
Male (n=5) 
Age (mean (SD)) 36.5 (6.3) 38.66 (3.6) 29.27 (6.0) 29.88 (5.6) 
 
Employment status 
  Full time 6 (50) 4 (66.6) 4 (18.1) 3 (21.4) 
  Part time/casual 3 (25) 2 (33.3) 8 (36.3) 6 (42.8) 
  Not employed 3 (25) 0 (0) 10 (45.4) 5 (35.7) 
Education 
  <year 12 2 (16.6) 0 (0) 6 (27.2) 6 (33.3) 
  Year 12 0 (0) 0 (0) 6 (27.2) 6 (33.3) 
  TAFE 5 (41.6) 4 (66.6) 8 (36.3) 5 (27.7) 
  University 3 (25) 2 (33.3) 2 (9.1) 1 (5.5) 
  Unanswered 2 (16.6) 0 (0) 0 (0) 0 (0) 
Gross household income 
  Less than $20,000 0 (0) 0 (0) 7 (31.8) 6 (33.3) 
    Chapter 5: Quantitative evaluation 
 
125 
 
  $20,000-$59,999 4 (33.3) 3 (50) 9 (40.9) 7 (38.8) 
  $60,000+ 3 (25) 3 (50) 5 (22.7) 4 (22.6) 
  Unanswered 5 (41.6) 
 
0 (0) 1 (4.5) 1 (5.5) 
No. of adults in the household 
 
  1 2 (16.6) 2 (33.3) 8 (36.3) 7 (38.8) 
  2 5 (41.6) 2 (33.3) 7 (31.8) 6 (33.3) 
  3+ 3 (25) 2 (33.3) 7 (31.8) 5 (27.7) 
  Unanswered 2 (16.6) 0 (0) 0 (0) 0 (0) 
 
No. of children in household 
  0 2 (16.6) 1 (16.6) 7 (31.8) 6 (33.3) 
  1 2 (16.6) 2 (33.3) 6 (27.2) 4 (22.2) 
  2 3 (25) 2 (33.3) 3 (13.6) 3 (16.6) 
  3+ 2 (16.6) 1 (16.6) 6 (27.2) 5 (27.7) 
  Unanswered 3 (25) 0 (0) 0 (0) 0 (0) 
Main carer 
 
  Yes 7 (58.3) 4 (66.6) 11 (50.0) 10 (55.5) 
  No 4 (33.3) 2 (33.3) 11 (50.0) 8 (44.4) 
  Unanswered 1 (8.3) 0 (0) 0 (0) 0 (0) 
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Table 2. Pre and post anthropometric and physical activity outcomes for participants who attended follow-up. 
 Rural Community Regional city 
n Pre mean (SD) Post mean 
(SD) 
P-value N Pre mean 
(SD) 
Post mean 
(SD) 
P-value 
Functional capacity 
for exercise 
6MWT (m) 6 467.33 (56.58) 557.83 
(108.21) 
0.01 18 509.83 (52.07) 526.19 
(60.72) 
0.287 
Anthropometrics Weight (kg) 6 85.43 (14.71) 84.61 (13.27) 0.59 18 88.61 (16.44) 88.01 
(16.23) 
0.250 
BMI (kg/m²) 6 32.18 (3.06) 31.92 (2.80) 0.63 
 
18 30.66 (5.07) 30.43 
(4.88) 
0.197 
Bodyfat (%) 6 34.98 (6.66) 30.61 (6.92) 0.009 18 35.25 (9.26) 35.48 
(7.70) 
0.859 
Waist (cm) 6 105.33 (8.40) 101.5 (6.71) 0.069 18 99.11 (11.95) 96.07 
(11.46) 
0.006 
Hip (cm) 6 106.66 (4.08) 104 (5.32) 0.005 18 105.41 (11.32) 101.97 
(8.83) 
0.019 
Blood pressure Systolic BP (mmHg) 6 123 (5.01) 121 (12.99) 0.706 17 124.23 (12.20) 111.76 
(11.43) 
<0.001 
Diastolic BP (mmHg) 6 83 (10.99) 83.6 (9.47) 0.827 17 82.35 (7.65) 74.17 
(8.99) 
<0.001 
Physical activity1 Daily step count 5 8,373 (3218) - - 12 7,117 (1841) - - 
Daily distance walked 
(kilometres) 
5 5.71 (2.19) - - 12 5.25 (1.56) - - 
Daily minutes of MVPA 5 30.8 (18.53) - - 12 26.9 (16.38) - - 
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 Daily minutes of MVPA 
(self-reported) 
2 23.9 (1.51) 60.7 (25.25) - 8 29.37 (14.92) 35.22 
(17.0) 
0.327 
1 Follow-up data for objectively measured physical activity were not available due to poor compliance with wearing the accelerometer and some participants 
losing the device. 
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Table 3. Pre and post results for the communities combined, analysed by those who did and did not attend.  
 Treated  Untreated (0 sessions) Difference 
between groups 
n Pre mean 
(SD) 
Post mean 
(SD) 
Change N Pre mean 
(SD) 
Post mean 
(SD) 
Change P-value 
Functional 
capacity for 
exercise 
6MWT (m) 14 498.42 (48.25) 562.64 (72.64) 64.21 
(60.31)** 
10 
 
500.3 
(66.62) 
494.15 
(57.51) 
-6.15 
(59.18) 
0.009 
Anthropometrics Weight (kg) 14 88.85 (12.35) 87.55 (11.61) -1.3 (2.36) 10 86.38 
(20.29) 
86.62 
(20.14) 
0.24 (2.44) 0.134 
BMI (Kg/m²) 14 32.28 (3.38) 31.82 (3.22) -0.45 
(0.85) 
10 29.29 (5.71) 29.36 (5.61) 0.069 (0.81) 0.143 
Bodyfat (%) 14 38.18 (7.13) 36.15 (6.49)  -2.03 
(4.90) 
10 30.99 (8.91) 31.64 (8.74) 0.65 (5.64) 0.227 
Waist 
circumference 
(cm) 
14 102.60 (6.97) 97.82 (7.49) -4.77 
(3.39)** 
10 97.95 
(15.62) 
96.87 
(14.35) 
-1.08 (3.96) 0.022 
Hip 
circumference 
(cm) 
14 107.82 (5.55) 103.82 (6.15) -4 (4.02)** 10 102.8 
(13.82) 
100.6 
(10.19) 
-2.2 (5.96) 0.385 
Blood pressure Systolic BP 
(mmHg) 
13 121.38 (6.76) 114.53 (8.55) -6.84 
(7.08)** 
10 127.2 
(14.04) 
113.7 
(16.43) 
-13.5 
(16.02)* 
0.193 
Diastolic BP 
(mmHg) 
13 82.69 (7.88) 76.69 (9.30) -6 (8.83)* 10 82.3 (9.40) 76.6 (11.07) -5.7 (7.11)* 0.931 
* p≤0.05 
**p≤0.01 
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Table 4. Self-rated health and health behaviours for participations who attended follow-up. 
 Rural Community (n=6) Regional city (n=18) 
 Baseline n (%) Follow-up n (%) P-value Baseline n (%) Follow-up n (%) 
 
P-value 
In general, would you say your health is: 
 
Good-excellent 4 (66.6) 6 (100) - 10 (58.8) 13 (76.4) 0.250 
Poor-fair 2 (33.3) 0 (0) 7 (41.1) 4 (23.5) 
Do you engage in regular physical activity?* 
 
Yes 4 (66.6) 6 (100) - 12 (70.5) 11 (64.7) 1.000 
No 2 (33.3) 0 (0) 5 (29.4) 5 (29.4) 
Compared to your physical activity in the past three months, was last week’s physical activity more, less or about the same? 
 
More 1 (16.6) 5 (83.3) 0.333 1 (5.8) 9 (52.9) 0.878 
Less 1 (16.6) 0 (0) 4 (23.5) 5 (29.4) 
About the same 4 (66.6) 1 (16.6) 12 (70.5) 3 (17.6) 
Are you currently making any changes to your diet? 
 
Yes 2 (33.3) 5 (83.3) 1.00 6 (35.2) 10 (58.8) 0.219 
No 4 (66.6) 1 (16.6) 11 (64.7) 7 (41.1) 
How many pieces of fruit do you usually eat per day? 
 
0-1 piece of fruit per day 1 (20) 1 (16.6) 0.333 11 (68.7) 9 (56.2) 0.106 
≥2 pieces of fruit per day 4 (80) 5 (83.3) 5 (31.2) 7 (43.7) 
How many serves of vegetables do you usually eat per day? 
0-2 serves per day 4 (66.6) 1 (16.6) - 10 (62.5) 6 (37.5) 0.307 
≥3 serves per day 2 (33.3) 5 (83.3) 6 (37.5) 10 (62.5) 
Do you drink alcohol regularly?* 
Yes 1 (20.0) 4 (66.6) 1.000 11 (68.7) 8 (50.0) 0.250 
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No 4 (80.0) 2 (33.3)  5 (31.2) 8 (50.0) 
If yes: In the last 12 months, how often did you have an alcoholic drink of any kind? 
Everyday-1 to 2 days a week 1 (33.3) 2 (50.0) 0.067 3 (25.0) 3 (25.0) 0.236 
1-3 days a month 1 (33.3) 2 (50.0) 9 (75.0) 8 (66.6) 
Less often or no longer drink 1 (33.3) 0 (0) 0 (0) 0 (0) 
Please record how many standard drinks you have 
11-20+ standard drinks 0 (0) 0 (0) 0.100 0 (0) 1 (8.3) 0.524 
≤1-10 standard drinks 3 (100) 4 (100) 5 (50.0) 4 (40.0) 
* Data are dichotomous and compared using a McNemar’s test. 
 
 
 
 
 
 
 
 
 
 
 
 
    Chapter 5: Quantitative evaluation 
 
131 
 
Table 5. Pre and post pathology markers for each community.  
               Rural community                    Regional city 
Outcome n Pre median (range)# n Pre median (IQR) Post median 
(IQR) 
P-value 
Glucose (mmol/L)++ 5 4.9 (4.8-6.4) 6 5.25 (4.6-5.7)* 5.4 (4.8-5.5) 0.687 
Cholesterol (mmol/L) 5 4.3 (4.2-5.4) 6 5.85 (5.4-5.9)  5.6 (5.0-5.9) 0.625 
Triglycerides 
(mmol/L) 
3 1.8 (1.5-14.7) 6 2.2 (1.7-3.4)  2.4 (1.9-2.8) 1.000 
HDL (mmol/L) 3 1.05 (0.73-1.06) 6 0.96 (0.9-0.99)* 0.95 (0.74-0.98) 1.000 
LDL (mmol/L) 3 2.5 (2.4-13.7) 6 3.75 (3-3.9)  3.15 (3-4.1) 0.687 
Total cholesterol/HDL  3 4.1 (4-12.6) 6 6.05 (5.6-6.2)  5.7 (5.1-7.6) 1.000 
HbA1c NGSP (%) 5 6.2 (5.2-6.2) 6 5.5 (5-5.8)* 5.5 (5.2-5.6) 0.625 
C-Reactive protein 
(mg/L) 
0 - 6 3.5 (1-6)  3.5 (2-6) 1.000 
Total protein (g/L) 4 79 (75-81) 6 75.5 (75-78) 75.5 (74-80)  1.000 
Albumin (g/L) 4 42.5 (39.5-64) 6 39.5 (37-41) 39 (37-40) 0.625 
Globulin (g/L) 4 35 (34-36.5) 6 37 (35-40) 37.5 (35-40)  1.000 
Bilirubin (umol/L) 4 4 (4-6) 6 8.5 (8-10) 7.5 (6-8) 0.218 
Alkaline phosphatase 
(U/L) 
4 88 (76.5-118.5) 6 84.5 (59-99) 83.5 (58-95) 1.000 
AST (U/L) 3 17 (16-48) 6 21 (14-25) 18.5 (15-27) 1.000 
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ALT (U/L) 4 39 (30.5-53.5) 6 31 (15-39)  31 (16-46)  0.687 
Gamma GT (U/L) 4 47 (39-56.5) 6 29 (21-52) 28 (24-48) 0.218 
Haemolysis Index  4 8.5 (1-63.5) 5 4 (3-5)  5 (5-5) 1.000 
# No follow-up data is available to present 
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Discussion of the research and key findings  
This thesis aimed to design, implement and evaluate a community-tailored physical 
activity program for Aboriginal and Torres Strait Islander people in Far North Queensland. 
Most of the findings from this study were consistent with previous evaluations of other 
physical activity programs with Indigenous people residing in Australia and New Zealand. 
There are two other studies which implemented an 8-week physical activity program with 
Indigenous people in Australia or New Zealand9, 14 and two additional studies that were 
conducted with the same population group, but with a duration of seven15 respectively four 
weeks.16 
 
One of the 8-week programs14 evaluated the uptake and effects on lifestyle and 
cardiovascular risk factors of a cardiac rehabilitation program at an Aboriginal Medical 
Service in a Metropolitan area of Western Australia. The program involved twice weekly, 
supervised, one-hour exercise sessions which consisted of stationary cycling and dumbbell 
exercises. Once a week there were education sessions which include topics on diet, nutrition, 
risk factor modification, and medication usage. There were 28 participants that completed the 
eight weeks of exercise and education sessions. Dimer et al.14 reported significant reductions 
in BMI (34.0kg.m2± 5.1 vs 33.3 kg.m2 ± 5.2), waist girth (113cm ± 14 vs 109cm ± 13) and in 
blood pressure (135/78 mmHg ± 20/12 vs 120/72 mmHg ±16/5). In addition, in the study 
from Western Australia there was a significant increase in the distance walked during the 
6MWT (296 metres ± 115 vs 345 metres ± 135) which is consistent with our results from the 
rural community. The regional community in our study also reported significant reductions in 
blood pressure and waist and hip circumference, but no significant change in weight or BMI.  
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Another similar study9 evaluated a physical activity program for Aboriginal people in 
Tasmania. The 8-week program was designed to create an ongoing sustainable program to 
promote the benefits of physical activity to participants and the wider Aboriginal community. 
The program involved two one-hour exercise sessions and a one hour education class each 
week which covered topics such as nutrition, self-management approaches to health and 
smoking cessation. Participants had significant reductions in weight (-0.8kg), waist 
circumference (-3.6cm) and improvements in generic quality of life domains (measured by 
the SF12). There were also clinically significant improvements in the 6MWT distance 
(+55.7metres, 95% CI 37.8 to 73.7) and the incremental shuttle walk test (+106.2 metres, 
95% CI 79.1 to 133.2). Overall, the program increased participation in the rehabilitation 
program for Aborigines with, or at high risk of established disease, and improved exercise 
capacity and health-related quality of life.  
 
Two evaluations of physical activity programs of shorter duration conducted with 
Indigenous people in Australia and New Zealand also had positive health outcomes.15, 16 An 
Australian study15 with a duration of seven weeks reported health improvements for 14 
Indigenous participants who reverted to a traditional hunter and gatherer lifestyle in remote 
Western Australia. There were marked improvements in carbohydrate and lipid metabolism 
in the diabetic participants, with reductions in plasma insulin, cholesterol and glucose. 
However, the results may be due to the intensive type of the intervention where participants 
were taken to a remote location for the study period and had to actively hunt and gather their 
own food sources. The other short study was a four-week RCT conducted in New Zealand by 
Biddle et al.,16 which involved small sided team sports games three times per week. There 
were significant increases in the fitness assessments of V02 peak and leg strength (maximal 
concentric force of the quadriceps at 60°/second) and an increase in HDL cholesterol. 
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Overall, improvements in blood lipids have been reported in these shorter duration studies (8 
weeks or less),15, 16 whereas this was not evident in the evaluation which is part of this thesis. 
These findings would suggest that a duration of eight weeks is long enough to detect 
significant changes in pathology markers if the physical activity program is more intensive 
and has better attendance. 
 
Additional physical activity studies identified in the systematic review (Chapter 
two),17 have also reported decreases in blood pressure and waist circumference. Eight out of 
the 13 studies included in the systematic review assessed blood pressure. Significant 
reductions in blood pressure were reported in four studies, which had a duration of 8 weeks,14 
16 weeks18 or six months or longer.2, 19 Similar to our findings in this thesis, significant 
reductions in waist circumference and blood pressure were reported in two previous studies 
of the same duration,9, 14 as well as significant increases in the 6MWT. 
  
Study strengths 
 The physical activity study conducted in this thesis had four key strengths related to 
the collaboration between communities, delivery of the program, program sustainability and 
qualitative evaluation. One of the main strengths of this study was the interaction between the 
mentors from the two original communities who participated in several three-way discussions 
with the principal investigator, where the program design was discussed in full detail. The 
two mentors collaboratively decided upon the program inclusion criteria, the number of days 
to run activities and the types of activities that were best suited for their local community. 
Specifically, the mentors expressed the program should be offered to those who will benefit 
the most, which was identified as people with risk factors or an established chronic disease. 
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Another notable example of positive interactions between communities was at a local fun run 
in the regional community. Between myself and one of the Indigenous mentors, we organised 
to enter in a free local fun run to give participants the chance to meet each other while 
undertaking a community event. Seven participants turned out for the event, and positive 
feedback was received in regards to the social interactions and the event. 
 
The pragmatism and delivery of the physical activity program were one of the other 
strengths of this study. This program is described as a ‘complex intervention’ due to a large 
number of discretionary behaviours and actions implemented by the communities. Complex 
interventions, as described by Hawe et al.,4 are when the function of the intervention is 
standardised, but the form varies across the context. During the discussion with the 
Indigenous mentors they decided what activities would be most appropriate and well-
received by the community. This resulted in different physical activities being conducted 
across both sites, using different training locations types such as gyms, local parks, and 
walking tracks. Another strength of the program delivery was that all of the training sessions 
were free to the participants.  
 
Sustainability of the program was another strength of the research. The continuation 
of the program was only possible in the rural community as it had a collaborative approach 
with a local community health centre. The Indigenous mentor, despite working in a clinical 
role, had several additional qualifications which included being a personal training and 
fitness instructor. The program delivery was shared between the Indigenous mentor and the 
principal investigator, and after the 8-week period, the health centre reviewed the mentor’s 
job description. This review was conducted approximately five weeks after the program 
finished and resulted in the allocation of working hours towards continuing to run free 
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physical activity classes and activities for the community. 
 
The final strength of the study was the inclusion of the qualitative evaluation. The 
original study design was limited to a quantitative evaluation, however, after experiencing the 
difficulties in the fieldwork and hearing anecdotal evidence about barriers to attending from 
participants, a qualitative component was included. The depth and richness of the findings 
allowed for a greater understanding of the internal and external factors that acted as barriers 
and enablers to physical activity. Despite the belief that a complex intervention would 
eliminate many of the barriers to implementation, the qualitative component established that 
it was not sufficient to tailor the activities to the communities, but researchers need to account 
for the cultural and social differences within and between communities. 
  
Study limitations  
There are limitations to the physical activity intervention program that need to be 
acknowledged when interpreting the results. The key limitations related to the study design, 
implementation fidelity, and missing data. These elements are discussed in greater detail 
throughout the thesis (specifically in Chapter four), but are discussed in more detail in the 
section below. It should also be noted that due to the small sample size the results of the 
study may be unique to the nature and location of the sample, namely Aboriginal and Torres 
Strait Islander people living in Far North Queensland and may not be generalisable to the 
wider Indigenous Australian population. In addition, the participants in the rural community 
were closely related which means there may be a self-selection bias among the participants. 
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Conceptually, the ideal study design for this research topic would have been a 
randomised controlled trial or the inclusion of a wait-listed control group. However, because 
of challenging circumstances, in real life this was not possible. Instead, a pre/post design was 
used which is not considered as strong as an RCT or controlled trial. An attempt was made to 
get a control group on board, but it was not possible in this context and setting due to a small 
population size and the withdrawal of the intended wait-listed control group. Furthermore, 
our systematic review identified that many studies do not have control groups and often are 
cohort studies.  
 
Randomised controlled trials (RCTs) are viewed as the definitive study design for 
assessing the effectiveness of interventions.20 In the context of Indigenous health research, 
the implementation of RCT designs is challenging, and even well-designed studies can falter 
when faced with the reality of the community context. The literature demonstrates that 
barriers to RCTs in small population groups in regional, rural and remote settings include the 
need for relatively large sample sizes and the ethical considerations of control groups not 
receiving treatment.  
 
Our experiences in the design, implementation and evaluation of a physical activity 
program with Australian Aboriginals and Torres Strait Islanders in a rural and regional 
setting highlight some of the challenges. Originally, an RCT with a wait-listed control group 
was planned for this physical activity intervention, which would have also allowed for a cost-
benefit analysis. However, the actual implementation of the proposed study design was 
challenging due to a range of factors. A revised approach to the study plan was required. The 
sample size calculation was based on an expected clinically significant increase in the 
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primary outcome measure of functional capacity to exercise, assessed by a six-minute walk 
test. Because of the population sizes and staff availability, including Indigenous mentors, the 
four communities approached for the project expressed concerns about the recruitment of a 
minimum of 50 participants for sufficient statistical power. 
 
During the months of negotiations, there were many staff changes in the communities, 
and this was ultimately one of the main barriers to accessing the communities. One 
community undertook baseline assessments and a wait-listed control group was identified 
from a second community, with the intention of assessments being conducted two weeks post 
the initial group. However, program commencement was delayed in the first community due 
to the passing of an elder. On advice from the Indigenous mentor, the researcher did not visit 
the community until permission was granted from Indigenous elders to return. Additionally, 
testing in the waitlisted community was also delayed several times at the request of the 
collaborating staff members who had other prioritised projects, before eventually this 
community apologetically withdrew from the study. 
 
Despite this withdrawal, the program continued in the first community. There were 
three rural communities initially interested in the project and after a total of 18 months of 
negotiations, only one community was able to commence. A project redesign was required 
and a cohort pre/post design was chosen, utilising a convenience site in the local area regional 
city as the new secondary site. The sample size at the secondary site was also small and not 
sufficiently powered to act as a control group. Despite the challenges, qualitative feedback 
demonstrated that the project was well received by the community21 and clinically optimistic 
outcomes were observed. 
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Ethical practice and pragmatism should be considered above the idealism of RCTs 
when conducting research with Australian Aboriginals and Torres Strait Islander 
communities. The idea that evidence-based practice can only be obtained through rigorous 
designs limits the development of shared empirical knowledge between researchers and 
communities. It is undisputed that RCTs are important for research, however, conforming to 
the idea that it is the only credible way to gain evidence-based practice limits research 
opportunities when engaging with Aboriginals and Torres Strait Islander populations. 
 
  The implementation fidelity and missing data also influenced the results of the study. 
The lack of undercover facilities in the rural community was a major barrier to 
implementation and several times during the first four weeks sessions had to be cancelled, 
which may have influenced the motivation to participate. This was a factor that could not be 
controlled as there was no alternate solution available until the fourth week. Missing data due 
to poor compliance with wearing the Fitbit Flex and pathology tests was also a limiting 
factor. The missing data limited some of the pre and post outcome measurements from being 
sufficiently powered and restricted from any subgroup analysis. Many participants failed to 
have their blood tests done. Free transportation to a clinic was offered by the principal 
investigator, but this was not utilised as much as expected. The fear of needles and the 
frequency of blood tests (three times in 20 weeks) were all barriers to obtaining pathology 
samples.   
 
 The mixed-methods design of the research in this thesis was pragmatic, but could 
have been improved by using a convergent design instead of an explanatory sequential 
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design. An interactive approach where qualitative and quantitative data are collected and 
analysed simultaneously would have allowed more flexibility in the intervention delivery to 
help increase attendance. Flexibility to the data collection methods would have also improved 
compliance to testing, where pathology testing was not viewed positively in one of the 
communities and being able to seek for an alternative solution (such as finger prick blood 
samples) could have potentially reduced the missing data and participant dropout. In future 
studies, having a focus on intervention mixed methods frameworks would allow data to be 
collected prior to the development of the interventions, to assist researchers in understanding 
the contextual factors that could affect the outcomes of the intervention.22, 23 
 
Guidelines and recommendations 
Key guidelines for the translation of physical activity research into practice.  
The following ten principles are a summary of guidelines for ethical conduct in 
Aboriginal and Torres Strait Islander health research, created by Jamieson et al.24 The 
summary is based on documents relating to working and researching with Indigenous 
Australians, such as the National Health and Medical Research Council (NHMRC) ethical 
guidelines for research among Aboriginal and Torres Strait Islander people.25 In the 
following section, the original principals created by Jamieson et al.24 are explained in the 
context of my own research to assist with the understanding of the translation of my research 
into practice: 
 
1. Respect communities’ past and present experience of research.  
  Australian Aboriginals and Torres Strait Islanders have had a history of forced 
assimilation, sustained social disadvantage and experiences of poor research practices. Trust 
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and respect are essential, and a mindset ‘to do no harm’ are critical to establish prior to 
conducting research. Most importantly, researchers need to respect the communities’ right to 
decline to participate in the project. 
 
2. Recognise the diversity of Indigenous Australian populations.  
  There are distinct cultural differences in the values, attitudes and beliefs of Indigenous 
people in Australia. The inclusion of an Indigenous mentor will provide guidance on how to 
maintain the community values while doing research. The diversity in cultural differences 
was identified during the qualitative component of this thesis. An example is the rural 
community requesting for a male and female role model and essentially wanting to have 
separate exercise sessions for genders. In the regional community, the gender of the 
trainer/researcher was not as important, and the emphasis was focused on the relationship and 
personality of the principal investigator. 
  
3. Address a priority health issue as determined by the community.  
  Essentially, research into physical activity should be conducted in communities where 
there is a recognised issue to be addressed. Priorities should be determined through 
discussions with the Indigenous mentors and key stakeholders to ensure the desired research 
is a suitable project and is wanted by the community. 
 
4. Conducting research within a mutually respectful partnership framework 
 Building trust within a community and the key stakeholders will take time and having 
an open and transparent relationship is a key to success. Communities are more likely to work 
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with researchers whom they are familiar with, as opposed to someone unfamiliar, regardless 
of the sophistication of study design and availability of funding. 
 
5. Capacity building.  
  Capacity building is essential for research translation into practice. The lack of 
sustainability with research projects may be due to the absence of appropriately qualified 
staff to take over the project. Physical activity programs should be conducted by a qualified 
professional such as a sport and exercise scientist, exercise physiologist or a personal 
trainer/group fitness instructor. Additionally, some form of first aid training is ideal for risk 
management. 
 If there is a sufficient budget allocation, capacity building could take the form of 
assisting a staff member to gain a minimum qualification needed to conduct exercise classes 
and pre-screening assessments. In the rural community, the physical activity program has 
been continued beyond the intervention that was part of this thesis as the local Indigenous 
mentor had the appropriate qualifications to conduct exercises classes. 
 
6. Flexibility in study implementation while maintaining scientific rigour. 
  An important factor that may influence the study outcome is the implementation 
fidelity. Implementation fidelity is the degree to which an intervention is delivered as 
intended and is imperative to the translation of evidence-based interventions into practice.26 
In Chapter four, the modifications to the study are described in detail, where pragmatism and 
flexibility in the program delivery were essential. Consideration must be given to program 
fidelity and modifications over time, and more recognition is needed to understand the 
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external factors that may influence these elements, such as community infrastructure, and 
how they all interact to influence the program and quality of the results.27 
 
7. Ensure extended timelines do not jeopardise projects.  
  Before conducting any research, a sufficient amount of time should be spent in the 
community to build a relationship of trust and respect. In my experience, the timeline of the 
project was extended due to ‘sorry business’, which lasted for several weeks and delayed the 
start of the program. Capacity building to mentor the nominated person to take over the 
project will also extend the timelines. In the rural community, the program ran for 8 weeks, 
however, the principal investigator continued to return to the community to assist with the 
transition process for almost two months after the program finished. 
 
8. Prepare for Indigenous leadership turnover.  
  The leadership turnover among key stakeholders can be high, and was evident in my 
research project. Although it can be frustrating and inconvenient, researchers need to be 
aware that they cannot rely on individuals alone, nor on the goodwill of volunteers to assist 
with their research projects. We need to be mindful of the burden and pressure that 
environments with high staff turnover place on the remaining Indigenous mentors and accept 
the reality of the situation at hand. Community, family and personal priorities will almost 
always take precedence over a research project. 
 
9. Support community ownership.  
  Research aimed at improving health in Indigenous Australians should have 
community ownership and input, not only for success, but for sustainability. Short-term 
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projects may have immediate benefits, but will not be maintained without long-term planning 
and capacity building. Supporting community ownership is a method to assist with the 
transition of short-term projects becoming a part of routine practice. Supporting community 
ownership can also take place in the form of assisting the nominated person to take over. In 
my research, this was done by preparing, assisting and conducting classes with the 
Indigenous mentor to help build their confidence. 
 
10. Develop systems to facilitate partnership management in multicentre studies. 
  Collaborating partnerships should ensure there are equitable and transparent processes 
for all aspects of management, recruitment, implementation and evaluation. People 
considering doing research with Indigenous Australians should review notable 
recommendations by organisations, such as the National Health and Medical Research 
Council (Australia). The Research Council has provided a “Road Map” in regards to working 
with Indigenous populations and the cultural factors that researchers need to consider before 
designing programs.28 
 
Key recommendations for the design of future research programs on physical activity 
with Aboriginal Australians and Torres Strait Islanders. 
These recommendations are based on the experience of implementing a physical 
activity program in a rural and regional community. Based on the learnings from the research 
for this thesis the following six suggestions are for people planning to do research within 
Indigenous communities.   
1. Do not discount the value of a small community by sample size.  
2. Be pragmatic with the study design. 
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3. Collaborate and form alliances for ethical research and sustainability. 
4. Use a measurement of fitness in conjunction with objective physical activity 
monitoring.  
5. Coincide pathology testing with community health checks in rural/remote 
communities.  
6. Consider a qualitative component within studies.  
 
1. Do not discount the value of a small community by sample size.  
  Research projects aimed at improving health outcomes for Indigenous Australians 
should not be discriminative of small communities. Communities that seek out opportunities 
to be part of research projects should be given a fair chance to be considered as study sites. 
Ignoring an appeal for help from at-risk communities somewhat defeats the purpose of doing 
research to close the gap in life expectancy. 
  
2. Be pragmatic with the study design.  
  A wait-listed control group is an ideal alternative to traditional RCT designs. If 
researchers can obtain control groups, an economic cost-benefit analysis would be viable 
which could provide a financial perspective on whether the programs are ‘value for money’ 
and if the prevention is more cost-effective than the progression and treatment of the 
disease/illness of interest. Information on cost-effectiveness could provide evidence that 
would support the acquisition of further funding to create sustainability in these types of 
projects. However, when faced with adversity in the field, alternative study designs should be 
considered.  
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3. Collaborate and form alliances for ethical research and sustainability.  
  As discussed in the section on research translation into practice, collaborations are 
essential for good research practice. Alliances and collaborations also allow researchers to be 
mentored by Indigenous leaders, gaining knowledge which can be critical for successful 
program implementation and ensures ethical practice. The physical activity program in this 
thesis was co-designed with Indigenous mentors and supported by a peak local Aboriginal 
and Torres Strait Islander organisation. We were able to achieve sustainability of the program 
in the rural site because of the support and alliances within the community. At the completion 
of the eight weeks, the local Aboriginal and Torres Strait organisation reviewed the 
Indigenous mentor’s job description and modified her contract to allow her to continue to run 
the program during her paid working hours. Without this support, it would not have been 
possible to continue the program unless it was facilitated by volunteers. 
 
4. Use a measurement of fitness, in conjunction with objective physical activity 
monitoring.  
  Objective measures of physical activity are ideal, but are not always feasible. The 
participant burden, cost of equipment and reactivity to non-research grade accelerometers are 
all potential issues that are associated with objective measures of physical activity in small 
scale studies with limited access to resources. In my project, there was a perception of the 
Fitbit Flex to be more user-friendly, however, there was poor compliance with wearing the 
device which resulted in missing data. Missing data at follow-up from non-compliance or loss 
of the accelerometer resulted in incomparable pre and post measures for objective physical 
activity levels. Furthermore, since the publication of the validation study, the Fitbit Flex has 
been superseded by at least seven new Fitbit devices, with some including heart rate 
monitoring components. The evolving technology of novel accelerometer devices may prove 
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difficult for future studies to evaluate physical activity programs due to reliability and 
validation issues. The evolving technology trends are also evident with the Actigraph devices, 
which are now available as a water-resistant wrist worn device with a display and heart rate 
monitoring. However, unlike novel devices, the Actigraph is well known for being a valid 
and reliable accelerometer and the new enhancements improve data accuracy and increase the 
user-friendliness of the device. In this instance, fitness-related measurements, such as aerobic 
capacity, anaerobic threshold or timed exercise activities, should be assessed in conjunction 
with physical activity monitoring devices. 
  
5. Coincide pathology testing with community health checks in rural/remote 
communities.  
  The feeling of being ‘over-researched’ in the rural community was evident and was 
amplified by the need for regular pathology testing. Communities that have regular health 
screenings should coincide testing dates with health screening events as this would reduce the 
need for another visit to the clinic. In regional communities it may be more appropriate to 
have a nurse or other qualified personnel onsite during baseline testing or to have the option 
to have pathology samples collected in the participants’ home. 
 
6. Consider a qualitative component within studies.  
  Poor attendance may not be due to disinterest in the program, and assessing 
quantitative outcomes alone will not capture additional internal and external factors that 
influence attendance. A finding of the project was that the baseline health status of the people 
in the rural community was poorer compared to those in the regional city, and the barriers 
and enablers to physical activity are unique to the location. Indigenous research 
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methodologies suggest that prior to program implementation it is essential to understand the 
Indigenous experience through appropriate qualitative methods including yarning circles and 
story-telling. Evaluations of the participants’ experiences are a valuable form of feedback and 
should not be overlooked. Qualitative methods, such as yarning circles, are needed to engage 
with Indigenous mentors, elders and community members to successfully achieve 
recommendation three (collaborate and form alliances for ethical research and sustainability). 
A yarning circle is an important process within Aboriginal and Torres Strait Islander culture, 
and has been used by Indigenous Australians to learn from a collective group, build 
respectful relationships, and to preserve and pass on cultural knowledge.29 In qualitative 
work, a yarning circle can be used as a teaching and learning strategy to assist researchers 
with understanding the Indigenous perspective. In addition, yarning can facilitate the building 
of relationships by allowing a collaborative way to have respectful and honest interactions 
between people. 
 
Conclusion 
This thesis describes the process of implementing and evaluating a physical activity 
program for Aboriginal Australians and Torres Strait Islanders in Far North Queensland. The 
effectiveness of the 8-week community-tailored program is also examined both quantitatively 
and qualitatively. The results of the program suggest that those who participated in physical 
activity during the study period had significant improvements in clinical health outcomes.  
 
There was a low attendance to the physical activity program. Barriers and enablers to 
participation were explored in a qualitative part of the study. Participants from the regional 
community were unable to attend due to poor timing, opposed to those from the rural 
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community who were unable to participate due to lack of access to transport. The rural 
participants also expressed the importance of needing both female and male role models for 
community members, and their motivation to engage in physical activity and exercise was for 
chronic disease prevention and maintenance. The motivation of the people in the regional 
community was more centred on physical activity-related outcomes of weight loss and 
increased fitness. In conclusion, more consideration in program design and barriers is needed 
to ensure physical activity programs are implemented as intended and the participants’ 
experiences can be explored. 
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Appendix 10: Semi-structured interview sheet for the interviews in 
Chapter 6. 
 
Semi-structured interview run sheet  
Duration: 30 minutes 
1. Before this program, how would you describe your physical activity levels?  
[EXPLORE] what were some of your first thoughts when told about the program and 
why did you decide to participate (or not to participate)?  Do you generally enjoy/not 
enjoy exercise/physical activity? 
 
2. What was your experience with the program? 
[EXPLORE] Would you describe physical activity as a positive or negative 
experience? Were there any cultural issues or concerns in regards to the research 
project? Have you seen any changes or benefits from the program, such as with your 
health or body? 
 
3. What could have been made better about the program? 
[EXPLORE] Were there any factors that you would consider to be barriers to your 
participation? (reasons why you were unable to make some sessions). What did you 
think about the health tests, would you keep them the same or change some? (maybe 
the bloods?).  
 
4. What would you like to see happen in the future? 
[EXPLORE] what would you change about the program so it suited you better? How 
did you find the activities? 
 
5. Is there anything else you would like to comment on? 
 
 
  
 
 
 
 
 
